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1-1 Host-Guest Chemistry in Nature 
      Recently, in organic chemistry field, the reactions have been required to 
be fine and of speciality; with selectivity or specificity, with sensitivity and 
with high-yield. However, there are many "fine" and "specific" reactions in 
nature such as enzyme reactions or immunoreactions. So, the new study to learn 
from the natural bioreactions and to simulate the biofunctions chemically in 
molecular level, which is named as biomimetic  chemistry,1)                                                               has been developed.
Especially, great attention has been paid to the process of inclusion complex 
formation. 
     Cram and his coworkers synthesized a series of chiral cyclic ethers and 
they systematically studied the enantiomeric recognition in the process of 
inclusion complex formation using the cyclic ethers as "host" molecules. They 
called the chemistry of the inclusion complex formation in synthesized organic 
systems "host-guest  chemistry".2) 
     When the definition of "host-guest" phenomena is used in a wide sense, 
there are many "host-guest" pairs in nature. For example, enzyme-substrate 
complexes are the typical "host-guest" pairs. In enzyme reactions, the first 
step of reactions is the highly selective formation of molecular complexes (ES) 
between enzyme (E) and substrate  (S), that is, enzymes exhibit molecular 
recognition ability in binding substrates (S) as is shown in the following 
scheme. 
     E + S   ES  ----> P 
So the key point of enzymatic reaction is the process of ES complex formation, 
which is nicely performed by locking the geometry and orientation of E and S. 
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It is not too much to say that adequate locations of S in the ES complex 
prerequisite for the sophisticated functions of enzyme such as high selectivity, 
regulation or acceleration. There are many other "host-guest" pairs in  nature: 
i.e., antigen and antibody in  immunoreactions, transmitter or blocking agents 
and receptor in transmission of nerves, hormone and hormone receptor on cell 
membrane, drug and drug receptor,  K+ or Na+ and carrier protein in active 
transport and oxygen and hemoglobin in  blood3). All these natural reactions 
also proceed with high selectivity and sensitivity. 
     As indicated above, many biological reactions owe to the process of "host-
guest" complex formation, which is the important basis for the biomimetic 
chemistry. A great many fundamental investigations concerning "host-guest" 
chemistry have been carried out from this view point.
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1-2 Host Molecules in Biomimetic Chemistry 
      The most important property of the inclusion compounds is that a "host" 
component can admit "guest" components into its cavity without any covalent bond 
being formed. Montmorillonites, kaolinites, zeolites, tobernite, transition 
metal chacogenides, graphite, and clathrates accompanied with hydrates are all 
known to be inorganic host  components;4-9) urea, deoxycholic acid,  tri-0- 
thymotide, hydroquinone, cyclophanes, crown ethers and cyclodextrins are organic 
host  components.10-21) Among these host components, the great majority of works 
on "host-guest chemistry" have been dealt with crown ethers and cyclodextrins. 
    The Pedersen's papers, the first of which appeared in 1967, demonstrated 
the feasibility of synthesizing large cyclic polyethers (a type of crown ether) 
composed of ethylenoxy  units.22) This compound forms stable complexes, both in 
the crystalline state and in solution, with a whole range of alkali metals, 
alkali-earth metals, ammonium and substituted ammonium salts. In particular, 
the ability of the so-called crown ethers to complex with substituted ammonium 
cations forms a basis for building synthetic organic host molecules to bind 
organic cations in a highly structured manner. It was suggested that the 
binding in such complexes arises from hydrogen bonds involving the hydrogens of 
the substituted ammonium cation with alternate oxygens on the crown ether ring. 
The atomic dipoles associated with the lone pairs of electrons on the other 
oxygens (no hydrogen bonding oxygens) lend some additional ion-dipole 
stabilization to the positively charged nitrogen of the cation. The complexes 
are lipophilic and dissolve in organic solvents easily. Since the counter anion 
of ammonium cation exists in the solution as a "naked anion", the anion shows a 
highly reaction activity. So many kinds of macrocycles which have nitrogen or 
sulfur in place of oxygen have been prepared and their characteristic properties 
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have been investigated;23-28) racemate recognition,29)                                                           complex formation with
 nucleotides30) and the model study for catecholamine  receptor.31) 
      The initial discovery of cyclodextrins is attributed to  Villiers,32) who 
isolated them as degradation products of starch, and the cyclodextrins were 
characterized as cyclic oligosaccharides in 1904 by  Schardinger.33,34)                                                              In 1938
Freudenberg and his coworkers reported that the cyclodextrins are constructed 
from  a-1,4-linked glucose units. The formation of the cyclodextrin-guest 
complexes was studied systematically by Cramer and his coworkers;11,16,35) 
Cramer also discovered that cyclodextrins have a catalytic activity in some 
 reactions36) and described racemate resolution with  cyclodextrins.37)                                                                                These 
experiments laid the foundations for the chemistry of cyclodextrins. 
Cyclodextrins consisted of at least six glucopyranose units which are joined 
together by a  ot-1,4-linkage. Although cyclodextrins with up to 12 glucose 
residues are  known,15)                          only the first three homologs  (a- , 6- and  1- 
cyclodextrins) have been studied extensively. The oligosaccharide ring forms a 
torus, with the primary and secondry hydroxyl groups of glucose residues lying 
on the narrow and wider ends of the torus respectively. Cyclodextrins are 
soluble in water and include the organic guest molecules in thier central 
hydrophobic cavities. The hydrophobic cavity of  a-cyclodextrin nicely 
accommodates a benzene ring, but the cavity of  Y-cyclodextrin is too large to 
bind it tightly. In the enzyme model, this hydrophobic cavity is used to bind 
the lipophilic part of a substrate molecules. About more than 700 guest 
molecules to be included in cyclodextrin cavities have been reported, and more 
than about 300 of modified cyclodextrins have been reported.38) These modified 
cyclodextrins have been studied as models for enzyme  systems.39)                                                               A lot of 
 studies40)            from different views are also present. The concept of micro-
encapsulation (placing some "guest" compound within the cavity of the "host" 
 -  4  -
cyclodextrin) has led to a number of attractive industrial uses for 
cyclodextrins. Applications include: drug stabilization, foodstuff presentation 
and enhancement, plant protection and use in the manufacture of toilet articles. 
The advantages of cyclodextrin molecules as comparing with other host molecules 
(crown ether and cyclophanes) were their water solubility and deep hydrophobic 
cavity which was protected by cyclic glucopyranosides rigidly. These properties 
of cyclodextrins cause the recognition of guest molecules or strong binding 
abilities.
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1-3 The Purpose of the Present Studies
     The remarkable abilities of biological systems in molecular recognition and 
selective reactions can be attributed to the process of  "host-guest" complex 
formation, by which biomimetic reactions have been controlled. The "host-guest" 
phenomena can be used as the basis for controlling selectivity and rate not only 
in biomimetic reactions but also in general organic reactions. Even if the host 
molecules do not participate in the reactions as reactant or particular 
catalysts the control of reaction may be caused by the conformational effects in 
the reaction courses. 
     From the point of view, the author tried to make it clear in the present 
studies how and what effects were given by inclusion behavior of host molecule 
for organic reactions in aqueous solutions. The author wishes to call the 
inclusion effects on the reaction by the host molecules without any reactive 
sites "conformational effector" in molecular level. Several examples of this 
"conformational effector" in cyclodextrins were shown in the present studies . 
     Among many organic host molecules, cyclodextrins were the best objects to 
use in this studies in the sense that they have satisfactory water solubility 
and rigid and deep hydrophobic cavities. In order to examine the dependency of 
the size of hydrophobic cavity,  a-, and  y-cyclodextrins were used. In 
Chapter 2, the regiospecific tosylation of cyclodextrins was discussed. In 
Chapter 3, the ability of cyclodextrin to include two guest molecules was 
indicated. Further variation to cyclodextrin cavity was attained by the 
methylated cyclodextrins and azobenzene-capped cyclodextrins. In Chapter 4, the 
photocontrol of cyclodextrin functions was discussed. In Chapter 5, the 
transphosphorylation system among AMP,  ADP and ATP in the presence of metal ion 
and  cyclodextrin was indicated. 
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2-1 Monotosylated  a  - and  (3-Cyclodextrins in Alkaline Aqueous Solutions 
2-1-1 Introduction 
      Cyclodextrins (CDs) are toroidial cyclic oligosaccharides with the primary 
hydroxyl of glucose  C-6 on their more closed side and the secondary C-2 and C-3 
hydroxyls on the other side.  a-,  f3- and  y-CD are composed of six, seven and 
eight glucose units, respectively. They provide their central cavity to bind 
good-sized organic molecules and make so-called host-guest complexes. Within 
the complexes, a guest molecule may react with the hydroxyl group of host CD. 
Many derivatives of CD have also been prepared to improve the reactivities of 
CDs toward included guest substrates using attached catalytic or reactive 
functional  groups.39)                         Sulfonated CDs can be starting compounds for such 
derivatives, and the establishment of selective sulfonation of CDs is 
 important.43) However, the substituted position of the sulfonyl CDs prepared by 
reported sulfonation methods still remein unclear. Dr. K. Hattori of my 
laboratory leader and coworkers have reported that  a- and  s-CD could be 
selectively monotosylated with tosyl chloride in an alkaline aqueous 
 solution.41'42)                 In this chapter, the author reports the determination of 
substituted positions on the glucose ring of the monotosylated CDs prepared 
under some different conditions based on  13C-NMR spectroscopy, paper 
 chromatography and HPLC. The author also shows that the substituted position in 
CD under the original alkaline conditions changes depending upon the geometry of 
the complexes.
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2-1-2 Results and Discussion 
      Various  mono-tosyl.ates  (la, 1$,2a,2f3,3a,30were prepared under three 
different conditions (Scheme 2-1). In each procedure, both  a- and  B-CD were 
tosylated in the same manner. The first method has already been reported as the 
method for attaching a tosyl residue at the primary C-6 hydroxyl group of a 
glucose moiety,43)in which CDs were treated with 1.8 equiv. of tosyl chloride 
in dry pyridine at 5°C for 5 h. In the second method CDs were treated with 6 
equiv. of tosyl chloride in an alkaline aqueous solution (pH 13) at room 
temperature for  1 h. This reaction proceeded 1:1 complex formation between 
tosyl chloride and CD moiety. The final method has been reported by Breslow et 
 al.,45)         which afforded  3a and  313 by treating  a- or  B-CD with  3- 
nitrophenyltosylate (m-NpTs) in DMF-buffer solution (pH 10). Each crude product 
was purified by the reported preparative  HPLC45) using an ODS-silicagel column. 
The purity of the products was confirmed by HPLC, elemental analysis,1H-NMR and 
thin-layer chromatography. From elemental analysis data and1H-NMR estimation 
by peak area, it was comfirmed that all of the purified products were 
monotosylated compounds. 13C-NMR spectra of these compounds showed much precise 
information about the structure concerning the located sites. The rule of shift 
with sulfonyl group substitution was suggested by  Breslow45)                                                                     that the 
substituted carbon would be downshifted and the other neighboring carbons of 
both sides would be  upshifted. Another NMR technique called by the INEPT 
 method46) (insensitive nuclei enhanced by polarization transfer method) was used 
to determine whether the peak was due to the methine carbon at the C-2 or C-3 
position or due to the methylene carbon at the C-6 position. The derivatives  la 
and  4, which were prepared by tosylation in pyridine solution, show with the 
 13C-NMR spectra two small peaks around 65 and 69 ppm corresponding to a 
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downfield shift of C-6' and an upfield shift C-5' (Fig.  2-1, Fig. 2-2). These 
compounds also showed the expected signals for tosyl groups, so the tosyl moiety 
in the compounds  la and 1CSwas attached at the C-6 hydroxyl position. In the 
 • case of the method 3, the spectrum of  313 and 3a showed four small peaks, 
corresponding to a downfield shift of C-2' and upfield shifts of  C-I', C-4' and 
C-3' (Fig. 2-3 and Fig. 2-4, respectively); so the tosyl moiety in 3a and  3(3 
must be substituted at the C-2 position. 13C-NMR spectrum of  213 in  DMSO-de, is 
shown in Fig. 2-5. All peaks of were identical with the peaks of  lip 
confirming that the tosyl moiety was introduced into the C-6 hydroxyl position. 
On the other hand, the spectrum of 2a was different from that of  la, and was the 
same as that of 3a (Fig. 2-6). There was no peak corresponding to shifted C-6' 
carbon (Fig. 2-6b), therefore the tosyl group in  2a must be located at the C-2 
position. HPLC data of various tosylated compounds supported the above 
determination (Fig. 2-7). In the case of  a-CD, retention volumes were the same 
for both the products prepared in an aqueous solution  (2a) and for the product 
prepared in  DMF-buffer  (3a); however, the retention volume of the product 
prepared in pyridine  (la) was larger than those of  2a and  3a. On the other 
hand, in the case of  $-CD, the retention volumes of the main product prepared in 
an aqueous olution  (20 and in pyridine  (1(3) were the same and that of the 
product prepared in DMF-buffer  (30 was larger. The analysis of the products 
obtained by partial hydrolysis of the compounds assured the substituted 
positions. In the partial hydrolyzates of  2a,  2i3 and  35„ two components were 
observed with paper chromatography (in 1-butanol-ethanol-water (5:4:3), with a 
diphenylamine spray as the detected reagent). The lower spots of the Rf value 
in each hydrolyzate  (2a,  213 and  30 were the same as that authentic glucose. 
The hydrolyzates were purified by gel chromatography using Sephadex G-15, giving 
a products with higher Rf values in the paper chromatography. The higher Rf 
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values are shown in Table 2-1. The Rf values of the hydrolyzates of  2a  and  3p, 
differed from both the hydrolyzate of 6-tosyl form (hydrolyzate of  20 and the 
authentic C-3  tosylglucose prepared from  1,2:5,6-di-O-isopropylidene-3-0-p-
tolylsulfonyl-o-glucofuranose44). The substituted positions of CD ring under 
three conditions are summarized in Table 2-2. In the pyridine solution, both  a-
and  r3-CD were modified on primary hydroxyl position of glucose C-6. In the  DMF-
buffer condition, both a- and  (3-CD were modified at the C-2 position 
stereospecifically. Remarkably, in the alkaline aqueous solution, there was 
difference between a-CD and  S-CD depending on the ring size of the CD. In the 
alkaline solution, the product which was obtained as monotosyl-a-CD was the same 
as that obtained in the  DMF-buffer solution, meaning that we obtained C-2 
 monotosyl-a-CD. On the other hand, the product of  --CD was the same as the one 
which was obtained as C-6  monotosyl-s-CD in pyridine. Our preliminary 
structural determination on the  monotosyl-S-CD in the previous  paper42)                                                                           should
be corrected. But the original conditions in an alkaline aqueous solution have 
advantages in two points: 1) the experimental and purifying procedures in water 
are easy and simple, 2) a good yield of desired product was obtained as shown by 
the yields of monotosyl-a-CD and  monotosyl-S-CD which were 16% and 28% 
respectively. It is assured that the unique selectivity is achieved by host-
guest complex formation between CD and tosyl chloride in an aqueous solution. 
The remarkable change of the regiospecificity at the modified site as well as 
the above mentioned advantages of the record procedure should owe to the 
complexation. Although the tosylation in  DMF-buffer conditions also proceeds 
specifically at the modified site, the change of the regiospecificity at the 
modified site was not reported.
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Table  2-1. Paper chromatography of hydrolyzates
a)
Starting material Rf value
 213 
 2,,,, 
 3
0.51
0.61
0.61
Authentic  3  -tosyl glucose 0.71
a) solvent; butanol 
 diphenylamine spray
 :ethanol:water=5:4:3 
with UV radiation.
 , coloring reagent;
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Table 2-2. Specific site of modification 
in tosylation of  cyclodextrin
Method  SoLvent Cyclodextrin 
 u-CD  13  -CD
1 
2 
3
pyridine 
alkaline solution 
DMF-buffer(pH 10)
6 
2 
2
6 
6 
2
6 
Y
 0
CYCLO
Oi
fH0— ---
 0
n
N {
OH
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2-1-3 Experimental 
Preparation of  mono-0-(n-tolvlsulfonvl)cvclodextrins
      In each procedure, both  a- and  (3-CD were tosylated in the same manner. 
     Method 1:  1,1 and  16 were prepared according to Melton and  Slessor.43)  13-CD 
was treated with 1.8 equiv. of  p-tolylsulfonyl chloride in dry pyridine at 5 °C 
for 5 h. Then the reaction was stopped by addition of water . Pyridine was 
removed by evaporation until a syrup was obtained. The reaction mixture was 
evaporated with small amount of water a few times to remove pyridine. And then, 
the product was purified through a  cation-anion exchange column (Amberlite MB-3) 
and preparative HPLC. The yields were around 30%. 
     Method 2:  8-CD was dissolved in a 0.15  mol•dm-3 sodium hydroxide solution 
with a  pH of around 13.0. After  p-tolylsulfonyl chloride (6 equiv .) was added 
into the alkaline solution, the suspension was vigorously stirred for 1 h. The 
reaction mixture was filtrated in vacuo to remove the  unreactedP-tolylsulfonyl 
chloride. After neutralization, product 26 gave pure product by 
recrystallization from water a few times. The yield of  25, was 28%. The 
 tosylation of a-CD in method 2 was carried out in the  same manner used for  -CD 
described above, except for the purification. After neutralization by dilute 
hydrochloric acid, the solution was subjected to preparative HPLC. The yield of 
 2a was 16%. 
    Method 3: 3a and 313 were prepared by the  Bles1ow's conditions.45) 3a was 
prepared by reaction of 6 g  a-CD with one equiv. of  m-nitrophenyltosylate 
(mNpTs) in 60 ml DMF by adding 36 ml of 0.2  mol•dm-3 carbonate buffer (pH 10) 
and stirring the reaction mixture at 60 °C for 1 h. The reaction mixture was 
precipitated in an excess amount of acetone to remove the DMF medium. After
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freeze-drying, the product was further purified by preparative HPLC. Yields 
were about 10% based on the starting CD. 
     The purity of all the products was confirmed by HPLC, elemental analysis, 
 IH-NMR and thin-layer chromatography. 
NMR measurement  
     1H-NMR and 13C-NMR spectra were measured using a JEOL Model  JNH-MH-I00 
spectrometer and a JEOL FX 90Q FT-NMR spectrometer, respectively. The samples 
for 13C-FT-NMR measurement were dissolved in  DMSO-d6 at 70  °C accumulating  2000-
7000 pulses with TMS as an external reference. 
Preparative HPLC  
      Each crude product was purified through a HPLC apparatus (Toyo Soda HLC-
827) using a ODS-silicagel column (Toyo Soda LS-410  0:2.5 x 30 cm); eluted with 
10% acetonitrile in water; and detected by UV  absorption at 254 nm and 
refractive index. 
Partial Hydrolysis  
    Tosylates 2a'2(3and 3were partially hydrolyzed in a 2N-HC1 solution at 
80 °C for 3 h. The reaction mixtures were neutralized with NaOH solution. The 
hydrolyzate was purified by gel chromatography using Sephadex G-15, giving the 
monotosyl glucose. The hydrolyzates were examined by the use of paper 
chromatography with a solvent of butanol, ethanol and water in the ratio of 
5:4:3. Detection was carried out with a diphenylamine spray with UV radiation.
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Authentic  3-0-tosylglucose was prepared according to Freudenberg and  Ivers44): 
glucose was treated with conc.  H2504 and acetone at room temperature for 24 h, 
and then the product was tosylated with  p-tolylsulfonyl chloride in pyridine 
solution at room temperature for 24 h,  1,2:5,6-di-O-isopropylidene-3-0p- 
tolylsulfonyl-a-D-glucofranose was obtained. This product was dissolved in 
ethanol and treated with dilute  H2SO4 at 80 °C for 8 h,  3-0-tosylglucose was 
obtained.
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2-2 Synthesis of Two Regiospecific Isomers of  Monotosyl-Y-cyclodextrin 
2-2-1 Introduction 
     Cyclodextrins have a lipophilic cavity with different inner diameters (4.5, 
7.0, and 8.5 A for a-, and  Y-CD respectively). In contrast to a- and  -CD, 
which form 1:1 host-guest complexes with small molecules, recent spectroscopic 
studies have suggested that y-CD can include two molecules such as naphthalene 
derivatives, pyrene and various dyes, owing to the large size of the  cavity.47) 
The characteristic property of  Y-CD enables us to make use of  1-CD as a "micro 
reaction medium" in which two different kinds of molecules such as a catalyst 
and a substrate can co-operate  effectively.48) One of the steps to achieve these 
ternary reaction systems was selective modification of  Y-CD. It has been 
already indicated in the section 2-1 that  a- and  13-CD can be specifically 
monotosylated in an aqueous alkaline  solution.42,49) In this original condition, 
the reaction proceeded the host-guest complex formation between CD and tosyl 
chloride. Moreover, specificity at the modified site should be reflected in the 
complex formation; in the case of  a-CD, a tosyl residue was attached at the 
secondary C-2 position and in the case of  -CD at the primary C-6 position. 
Treatment of  Y-CD under the same aqueous conditions gave two regiospecific 
isomers of  monotosyl-Y-CD.  In this section, the author reports the preparation 
and isolation of the regiospecific isomers of  monotosyl-y-CD and some inclusive 
behaviors of them for usual-sized guest molecules such as benzene derivatives.
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2-2-2 Experimental 
Materials  
     The tosylation method was the same as in section 2-1.  y-CD was sulfonated 
by reaction with 6 equiv. of p-tolylsulfonyl chloride in an aqueous alkaline 
solution at room temperature for 1 h. After filtering off the excess tosyl 
chloride, the reaction mixture was purified through a HPLC apparatus (Toyo Soda 
LS-410  p:2.5 x 30 cm); eluted with 15% acetonitrile in water; and detected by UV 
absorption at 230 nm and refractive index. The fractions of two mein peaks were 
evaporated and freeze-dried respectively, and then compounds 4 and 5 were 
obtained. These compounds were checked by analytical HPLC to have only one 
peak. Compounds 4 and 5 were identified by  1H-NMR spectra and elemental 
analysis, Calcd. for C55H89042S:C,45.48%; H,5.99%; S,2.21%. Found:C,45.73%; 
H,5.75%;  5,2.23% for 4 isomer and C,45.38%;  H,5.99%; S,2.05% for 5 isomer. The 
yield of 4 and 5 was 4% and 5%, respectively. 
Instrument 
     1H-NMR and 13C-NMR spectra were measured using a JEOL  JNM-MH-100 NMR 
spectrometer and a JEOL FX-90Q FT-NMR spectrometer respectively. The samples 
for 13C-FT-NMR measurement were dissolved in  DMSO-d6 at 70°C accumulating  4000-
45000 pulses with  TMS as an external reference. Circular  dichroism was 
measured, using a JASCO-500C spectrometer, in pH 7.2 Tris-HC1 buffer with a 0.1 
or 0.01 dm cell respectively. 
Kinetic Measurement  
     The hydrolysis of P- and m-nitrophenyl acetate was followed by  measuring 
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the absorbance at 400  nm with a JASCO UVIDEC-1 spectrophotometer. The reaction 
was initiated by addition of 15  ul of a stock solution of the ester in 
acetonitrile to 3.0 ml of Tris-HC1 buffer. The pH of the solution was 9.1. The 
final concentration of nitrophenyl ester was  2.5x10-5mol•dm-3. The reaction 
temperature was controlled at 30.0±0.5°C. Plots of  log(A .TA) vs. time for the 
reaction in the absence and the presence of 4, 5 and y-cyclodextrin gave 
straight lines. The pseudo-first-order rate constants were calculated from the 
plots. The rate of hydrolysis was measured at least to 20% completion of the 
reaction. The rate  costants were averages of the values in three or four runs 
which deviation was less than  5%. After the kinetic measurement, it was 
confirmed by analytical HPLC that the tosyl moiety attached at the CD was not 
decomposed.
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2-2-3 Results and Discussion 
     Y-CD was sulfonated by reaction with excess tosyl chloride in an aqueous 
alkaline solution. The pH value of the reaction mixture changed in a typical 
reaction course from 13 until 8. The reaction mixture was purified by the 
preparative HPLC to obtain two  pure substances (4 and 5). The yields of 4 and 5 
were almost the same, and the retention time of 5 was about two-fold longer than 
that of 4. However, both compounds  were proved by  1H-NMR spectra and elemental 
analysis to have only one tosyl moiety introduced into the glucose ring  inY  -CD. 
The  13C-NMR spectra of 4 and 5 in DMSO-d6 solution are shown in Fig. 2-8 and 
Fig. 2-9. In order to determine whether a peak was due to the methine carbon at 
the C-2, C-3,  C-4 and  C-5 position or due to the methylene carbon at the C-6 
position, a new NMR technique called the INEPT method was  used.46) In the case 
of 4, in addition to the peaks of native  CD itself, there were no peaks 
corresponding to the shift of the  C-6 carbon but four small peaks corresponding 
to a downfield shift of C-2' and an upfield shift of  C-1', C-3' and C-4', so the 
tosyl moiety of 4 was introduced at the C-2 position of the glucose ring  in  y  - 
CD. In the field above 55 ppm, there were two peaks (53 and 48 ppm) which were 
due to the  methine carbon (Fig. 2-10). These peaks could not be observed in the 
initial stage of this measurement (Fig. 2-11). It is known that tosylated 
carbohydrates are usually decomposed at high temperature  and in an alkaline 
condition to the cyclic-anhydro derivatives; 2-tosyl-CD changes to 2,3-epoxy-CD. 
Since the measurement of  13C-NMR spectra required over 24 h at 70  °C, it seemed 
that a part of the tosyl moiety attached at the CD ring decomposed to  2,3-epoxy-
CD. However, in the case of 5, there were only two small peaks around 65 ppm 
corresponding to a downfield shift of C-6' and an upfield shift of  C-5'. These 
results show that a tosyl moiety of 5 is introduced at the  C-6 position. From 
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these considerations, it may be concluded that the relation of 4 and 5 is each 
other as regiospecific isomers; one corresponds to  2-monotosyl=y-CD and the 
other to 6-monotosyl-y-CD. 
     In order to confirm the conformational relation of the CD cavity and the 
tosyl moiety, the circular dichroism spectra and UV spectra in an aqueous 
solution were observed (Fig. 2-12). Both 4 and 5 had negative molar ellipticity 
around 230 nm. The intensity of 4 and 5 was about three-fold weaker than that 
of 6-monotosyl-y-CD. Only 4 showed weak induced circular dichroism around 270 
nm. These results suggest that the hydrophobic cavity of  'y-CD had some effect 
on the tosyl moiety. However, it was not clear whether the environment around 
the tosyl moiety of 4 was different from that of 5; whether the inclusion 
activity of 4 was different from that of 5. Whereas in the presence of the 
guest molecules, the inclusion behavior of 4 and 5 attracted much attention. 
Fig. 2-13 shows the circular dichroism spectra of methylene blue induced by 
adding 4 and 5. Although the native  y-CD included two methylene blue molecules 
owing to the large size of the cavity, both 4 and 5 form 1:1 complexes. The 
complex formation with 4 was easily inhibited by cyclohexanol, but the complex 
 with 5 was not inhibited. This result suggests that the tosyl moiety attached 
 to makes the cavity size of  y-CD narrow because of its inclusion into the 
 y-CD cavity. In the case of the hydrolysis reaction of nitrophenyl acetate, the 
characteristic points were the enhancement of binding activity for a small-sized 
substrate compared with native  y--CD and the  "meta-selectivity" with 4. The 
Lineweaver-Burk plots and the kinetic parameters in the hydrolysis reaction of 
m- and p-nitrophenyl acetate with compound 4, 5 and y-CD are shown in Fig. 2-14 
and Table 2-3. The Michaelis-Menten constants, Km, suggest that 4 formed a 
complex with the substrate two fold tighter than that of 5 and four fold tighter 
than that of y-CD.  Modified--y--CD having a tosyl group oriented inside the 
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cavity would be able to recognize and catalyze the substrate effectively. 
Compound 4 indicated  "meta-selectivity", which was different from the 
selectivity of the usual  capped-8-CD,50) which also suggests that the folded 
group of 4 should not be the capping form. The hydrolysis of nitrophenyl 
acetate seems to be accelerated by the attack of alkoxide anion of the secondary 
hydroxyl in the CD ring. It is concluded from the results that with nitrophenyl 
acetate being included in the wider side (secondary hydroxyl side) of CD ring, 
the difference of 4 and 5 in the modified position reflected the complex 
formation as described in Scheme 2-2. In the case of 4, the tosyl moiety should 
be deeply included with the guest molecule in the CD cavity as a spacer; in 
other words, 4 included the guest molecules by an "induced  fit" type of complex 
 formation;48) whereas, the tosyl moiety of 5 only capped the closer side of the 
CD ring. Breslow's group has already reported that the recognition ability of 
 6-monotosyl-e-CD was different from the ability of ,IS-CD.51) In that case the 
tosyl moiety should insert partly into the cavity, the guest molecules would be 
 expected  to  bind  less  deeply.  As  the  cavity  of  Y-CD  is  larger  than  that  of 
 CD,  the  tosyl  moiety  of  5  did  not  inhibit  the  complex  formation  with  nitrophenyl 
ester. 
     From the results of this investigation, a new character of  y-CD is 
suggested; 1) tosylation in an alkaline solution gave both 2-monotosyl-y-CD and 
 6-monotosyl-y-CD, 2)  monotosyl(-CD recognized small sized guest molecules more 
than native y-CD, 3)  2-monotosyl-y-CD included the guest molecules tighter than 
6-monotosyl-y-CD.
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       compound 
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p-NPA
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 Km  x103M 
 k2/Km
 2.4 
3.9 
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 4.1 
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 1. 
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k2/Km
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4.4 
0.98
 4.3 
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0.53
 Lineweaver-Burk plots (Fig. 2-14) and the kinetic 
 paramerters (Table  2-3) of hydrolysis; pH 9.1, 
temperature: 30.0±0.5 °C,  (I):p-NpA,  (0):m-NpA.
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The Ability
    CHAPTER THREE 
of  y-Cyclodextrin as a  " Micro-reactor"
3-1 
3-2 
3-3
Introduction 
Experimental 
Results and Discussion 
3-3-1 One Host-Two Guests  Complexation  betweeny-Cyclodextrin and 
 Sodiuma-Naphthylacetate as Shown by Excimer Fluorescence 
3-3-2 Ternary Redox System  iny-Cyclodextrin Cavity
3-1 Introduction 
       The stoichiometry of complex formation is usually 1:1 in aqueous 
solutions. Recently 2:1 complex formation has been reported between CD and 
large  molecule.21) On the contrary, if the cavity is too large to fit one guest, 
as often the case for  Y-CD, one host-two guests complexes might be formed. In 
this chapter, the author indicates the first evidence for one host-two guests 
complexation between  Y-CD and sodium  a-naphthylacetate (NA) using fluorescence 
study, and also shows the first example system that two different kinds of guest 
molecules such as a catalyst (C) and a substrate (S) can cooperate to react in a 
 Y-CD cavity. 
     Many aromatic hydrocarbons and their derivatives show fluorescence of 
excited  dimers(D*), produced by collisional interaction between excited and 
unexcited monomers: M* M  —> D*.53) If two aromatic guests are included in the 
CD cavity, such excimers may readily be formed. There have been many aromatic 
 guests,39) but no  study had been made relating to excimer fluorescence. On the 
other hand, many guests to be included in  Y-CD cavity has been reported, but 
there has been no report that two molecules reacted in y-CD cavity. The author 
attempted the reduction of ninhydrin (substrate) with 1,4-dihydronicotinamide 
derivatives (catalyst) in  1-CD cavity. Since this reaction is known to proceed 
accompanied with formation of a catalyst-substrate complex (C-S complex) in the 
transition  state,54)  Y-CD should be able to include selectively the set of one 
catalyst and one substrate.
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3-2 Experimental 
     Fluorescence spectra of NA in the presence of  n-,  (3- and  1-CD were measured 
taking by a  Shimadzu RF-500 spectrofluorophotometer (25 ° C; pH 8.7; Tris 
buffer).  N-Benzylnicotinamide in reduced form (BNA(red)) was prepared as 
 follows.55) A mixture of benzyl chloride and nicotinamide was stirred under 
nitrogen at 120 - 130  °C for 2 h. An excess of benzyl chloride was removed in 
vacuo, and the residue was purified with the recrystallization from methanol. 
The yield of BNA(ox) was 73  %. 1H-NMR(D20)  6.14(CH2' 2H), 7.74(benzene ring, 
5H), 8.42, 9.18, 9.50 ppm(pyridine ring, 4H); IR(KBr) 650, 750, 1440  cm-1. 
BNA(ox) was treated with an aqueous solution of sodium dithionite in 7.5  x10- 
 2mol-dm-3 sodium carbonate on ice bath protecting from room light under nitrogen 
atomosphere. After the mixture was stirring for 4 h, the aqueous solution was 
extracted with chloroform. The organic layer was contained only reduced form of 
BNA. Recrystallization was performed from ethanol.  N-Methylnicotinamide  (MNA) 
was obtained by the treatment with methyl iodide and nicotinamide in methanol, 
and recrystallized from methanol  (72% yield):  1H-NMR(D20)  4.6(CH3' 3H),  8.42, 
9.18, 9.50 ppm(pyridine ring, 4H); IR(KBr) 1390, 1455  cm  1. Reduction method 
was the same as in BNA. The purity of both hydrogenated products was checked by 
a redox titration. Kinetic runs were initiated by injecting a 10  u1 stock 
solution of BNA(red) or MNA(red) into 3 ml of phosphate buffer solution (pH 7.0) 
containing ninhydrin and were controlled at 30.0±0.5 °C. The  time course of the 
reaction was followed by measuring the absorbance at 360 nm. The concentration 
of cyclodextrin was set in an excess than those of BNA or  MNA and ninhydrin. 
The maximum catalytic rate constants (k2) and dissociation constants (Kc) 
between BNA or  MNA and ninhydrin were obtained from Lineweaver-Burk  plots.69) 
Dissociation constants (Kd) between CD and BNA were obtained from Lineweaver-
Burk plots and Benesi-Hildebrand plots. 
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3-3 Results and Discussion 
3-3-1 One Host-Two Guests Complexation between  y-Cyclodextrin and Sodium a-
Naphthylacetate as Shown by Excimer Fluorescence 
       Solutions containing only NA at a high concentration exhibit a 
structureless band appearing at longer wavelength than the normal band in 
fluorescence spectrum. The band can be attributed to the excimer emission since 
the ratio of intensities of excimer to monomer fluorescence is  proportional  _to 
the concentration of NA. The shapes of the fluorescence spectra of NA  (10-2  mol 
 dm-3) recorded at varying CD concentrations significantly depended on the type 
of CD (Fig. 3-1). (i)  Increase in  a-CD concentration had no effect on either 
normal or excimer fluorescence. (ii) With  -CD, the intensity of the normal 
fluorescence increased with increasing 13-CD concentration, the excimer band 
being unaffected. (iii) Both normal and excimer fluorescense intensities were 
markedly enhanced on increasing  Y-CD concentration. Examination of  molecular 
models suggests that the CD cavity is too small in  a-CD, suitable in  'IS-CD, and 
too large in  y-CD to accommodate one molecule of NA. However, the large cavity 
of y-CD is quite suitable for inclusion of two molecules of NA. These 
experimental data may be interpreted as follows. The observed insensitivity of 
the fluorescence to the change of  a-CD concentrations indicates the inability of 
 a-CD to include NA. With  a-CD, the enhanced normal fluorescence may be caused 
by a change in environment from the polar aqueous media to the lipophilic media 
inside the cavity forming a 1:1  complex.56)                                                 The enhanced excimer formation in 
the presence of  Y-CD may be explained in terms of a reaction between excited and 
ground-state NA monomers to produce a complex excimer, for example by the 
reactions in the Scheme 3-1. The accompanying enhancement of the normal 
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fluorescence might be attributed to the formation of a 1:1  complex, but this 
rationalization is inconsistent with the observation that a dilute solution of 
NA  (10-4  mol•dm-3) showed no enhancement despite the excess presence of  Y-CD 
 (10-2  mol•dm-3). The author therefore assumes that the enhancement of normal 
fluorescence arises not form a 1:1 complex but instead form a 1:2 complex,  y-
CD:(NA* NA), in which the excited monomer does not necessarily form an excimer, 
resulting enhanced nomal fluorescence. 
 Y-CD:(NA)2  by <---  y-CD:(NA)2* 
       Y-CD:NA +  NA*--->  y-CD:  (NA* NA) 
 Y-CD:NA + NA --->  Y-CD:(NA)2
                Scheme 3-1  
     This is the first example that the same kind of two molecules were included 
into the  Y-CD cavity. The study of fluorescence spectra also suggested that two 
different kinds of guest molecule could be included in  Y-CD  cavity.48) The 
fluorescence intensity of  a-naphthyloxyacetic acid in aqueous solution was 
slightly enhanced by the addition of  Y-CD, but markedly enhanced in the presence 
of both  1-CD and cyclohexanol, showing the ternary complex formation among  y-CD, 
 a-naphthyloxyacetic acid and cyclohexanol. These properties of  y-CD enabled us 
to make use of  Y-CD as a reaction medium in which two different kinds of 
molecules such as a catalyst and a substrate can be brought together 
effectively.
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3-3-2 Ternary Redox System in y-Cyclodextrin Cavity 
     Table 3-1 shows the effect of CD on the kinetic parameters in the reduction 
reaction. Since the Lineweaver-Burk's plots were drawn in a straight line in 
the absence of CD, the reaction seemed to proceed through the formation of the 
C-S complex between reduced form of nicotinamide derivatives and ninhydrin 
(Scheme 3-2); the Kc value between BNA and ninhydrin without CD was almost the 
same as that between MNA and ninhydrin. The k2 value for MNA was 7 times bigger 
than that for BNA, which caused the difference of overall rate constant (k2/Kc). 
     In addition of an excess CD, the plots were drawn as a straight line. 
Therefore the substrate and the catalyst also seems to react through 1:1 C-S 
complex formation. The effects of adding cyclodextrin on Kc and k2 values were 
not observed using MNA as catalyst, but Kc and k2 values were considerably 
changed using BNA as catalyst. The Kc value in the presence of  y-CD was smaller 
(one sixth) than that without CD. On the contrary, the Kc value in the presence 
of  -CD was larger (3.4 times) than that without CD. This result indicated that 
the  1-CD cavity was large enough to include the C-S complex, but the  13-CD cavity 
was too narrow to include that complex. These situations led to a decreased 
apparent overall rate constant (k2/Kc) in the presence of which was three 
times smaller than that without CD. In the presence of  y-CD, a slightly 
increasing rate was observed, although high advantage for C-S complex formation 
was indicated. This was due to the decrease of k2 value. A comparison of the 
 k2 value in the presence of y-CD with that in the absence of CD indicated that 
the formation of C-S complex in  y-CD was less favorable for reduction than that 
without CD. Since the  C-S complex was included into  y-CD, the cavity seemed to 
cause some strain in the geometry of the complex. This inferior result with  1- 
CD cancelled the advantage of binding, resulting in a slight acceleration over 
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that without CD. This inferior result provided one evidence that both BNA and 
ninhydrin were affected by  y-CD cavity. These results suggest that y -CD 
includes the C-S complex which is consisted of BNA(red) and ninhydrin, that is, 
the ternary complex might be formed  among  y-CD, BNA(red) and  ninhydrin in the 
ratio of  1:1:1. 
    The key point of such a regulation is derived from the  N-benzyl moiety in 
BNA molecule. Such behavior was not observed replacing BNA with MNA as 
indicated in Table 3-1. If the effect of adding CD is caused by the interaction 
between CD and  ninhydrin, the differences between MNA and DNA should not be 
observed. Examination of a CPK model indicated that BNA(red) molecule has a 
rigid and bulky conformation, because of the two double bonds. The benzyl 
moiety plays a role in enhancing the conformational change of the nicotinamide 
moiety between the reduced and oxidized form. The inhibition for C-S complex 
formation in the presence of 8-CD is also caused by the benzyl moiety.  f3-CD 
cavity is too small to include C-S complex, and is quite suitable for inclusion 
of the N-benzyl moiety in BNA. With inclusion by  5-CD, the volume of the 
substituted group at the N position becomes so bulky that the ninhydrin moiety 
can not approach to the catalytic site of BNA, so that this seems to be the 
reason why the inhibition occurred. 
     Next, to get information for the shape of the ternery complex  between1-CD 
and C-S complex, binding constants (Kd) between CD and BNA(red) or BNA(ox) were 
determined (Table 3-2). The reduced form of BNA changed to the hydrated form 
slowly in an aqueous solution. This reaction rate was inhibited by adding  Y-CD, 
and the maximum rate constant(k') and dissociation constant(Kd) were determined 
according to Scheme 3-3; the k' value was  3.00x10-4  s-1                                                       (ca. 70% of the  kaq
value). It is suggested that, without ninhydrin,  Y-CD can also include one 
BNA(red) tightly protecting the double bonding between  C-5 and C-6. As the 
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oxidation proceeded, the comformation of BNA became so flexible that the complex 
with  y-CD was not formed. Inclusion in the  s-CD cavity would not have any 
effect on the hydration reaction of BNA(red), so that it was impossible to 
determine Kd for  13-CD according to Scheme 3-3. 
      From these results, it seems to be concluded that y-CD includes BNA(red) 
and ninhydrin in the ratio of 1:1:1 and the reduction is proceeded in the  y-cp 
cavity. These results make it more possible to use y-CD cavity as a "micro-
reactor" in which two different kinds of molecules such as a catalyst and a 
substrate can cooperate and react effectively. In this system, the acceleration 
was moderate, however, a better choice of substrate will make this system more 
effective.
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 I
 I
R-NA(red)
in the 
of  B-
absence or presence 
or y-cyclodextrin
BNA  ; 
MNA;
+
R=CH2C6H5 
R=CH3
Ninhydrin 
 -(Nin) \ 
    Kc
R-NA(red):Nin 
(C-S complex)
 R-NA(ox) +
 k2
 Nin"
Scheme 3-2
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 Table 3-1.  Ki  neti  c  parameters in the redox reactions
a)
and the effect of  CDb)
Catalyst CD  104 kc/mol•dm-3  102 k2/s-1  10  k2 /  Kc
 I3NAc)
none 
 (3-CD 
 y-CD
46.5 
160 
 7.96
12.8 
14.7 
 2.3
2 
 0 
2
75 
92 
88
MNAd)
 none 
 5-CD 
y-CD
42.6 
56.9 
52.0
92.3 
95.6 
109
21 
17 
21
7 
0 
0
a) 
b) 
c) 
d)
 [ni  nhydri  n]=2.0 
 [3-0]=[y•CD]=1 
 [BNA]=4.93x10-5 
 [MNA]=6.61x10-5
 - 10. 
 .00x10 
 mol-dm 
 mol-dm
 Ox10-4mol•dm-3, 
 -3
mo1.dm-3. 
 -3
,  kaq=3.76x10 
 -3
,  kaq=1.16x10
 pH 
 -4
s 
 -3
s
 , 07 
 -1 
 -1
temperature  30  .0±0 .5 °C.
...0.
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Table 3-2  Dissociation  constsnts between BNA and cyclodextrina)
Host
Guest
 s-CD y-CD
BNA(red) 
BNA(ox)
 b),c) 
      d) 
-3
mol-dm-3
3.4x10 
  no
-5 ._.--3   moi-dm- 
complexd)
b)
4.3x10
a) 
b) 
c) 
d)
pH 7 
The 
The 
The
.0, temperature:30.0±0.5 
value was determined by 
plots cannot be drawn as 
value was determined by
 'C
. 
Lineweaver-Burk plots according to 
a straight line. 
Benesi-Hildebrand plots.
Scheme 3-3.
 BNA(red) + CD
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 c'9
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4-1 Introduction 
      Light provides a primary source of information for natural  systems,57) and 
photosensitive systems are commonplace in nature; light is a trigger which 
causes direct responses or physiological changes in organisms. Natural systems 
are very complex, and most of their mechanisms are still unknown at the 
molecular level. As one approach to elucidate the role of light in biological 
processes, some experiments have been carried out by enzymes with a 
photoresponsive group incorporated near the active sites or systems composed of 
both enzymes and photoresponsive inhibitors, and the photoregulation of enzyme 
activity at the molecular level has been  discussed.57)                                                              Azobenzene derivatives
undergo photoinduced cis-trans isomerism with large configurational change,58) 
and the substances with both azobenzene and functional moieties are suited as 
mediators between light energy and chemical functions the structural change. 
On this basis, photocontrolled polypeptide helix sense was performed with the 
polypeptide containing azobenzene  moieties,59) and photocontrolled complexation 
was also performed between azo-modified crown ethers and alkaline  cations.60) 
 Micelles,61)  membranes,62) and  macromolecules59'63-66) with both photoresponsive 
and functional moieties are also candidates for such photocontrol systems. On 
this basis, the photocontrol of cyclodextrin functions by azobenzene systems has 
been made available. In this chapter, the photocontrol of cyclodextrin 
functions by a very simple system is discussed; 1) photocontrol of catalytic 
activity, 2) photocontrol of chiral recognition. The photocontrol was based on 
the expansion of cyclodextrin cavity by trans-cis photoisomerization of 
azobenzene moieties. One trial system consists of cyclodextrin and azo-
inhibitor  [potassiump-(phenylazo)benzoate  (Azl)]. The other system consists of 
a photoresponsive capped  6,6',0,07-(4,4'-azobenzenedicarbony1)- 
                                       - 45 -
 cycloheptaamylose(I), which possesses an azobenzene cap capable of undergoing 
trans-cis photoisomerization and accomplishes photocontrolled  complexation based 
on different binding abilities of both isomers of  I.67)
 
I
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4-2 Experimental 
 Preparation  of  [6.6'.0.0'-(4.4'-azobenzenedicarbonvl)cvcloheptaamvlose  I
         Compound  I was obtained by condensation of 4,4'-bis-
  (chlorocarbonyl)azobenzene with  8-CD in pyridine (20% yield). Recrystallization  
I was performed from water , and then the recrystallized solid (200 mg) was 
  dissolved in 20 ml water and passed through a Sephadex G-15 column  (4):2.5x70 
  cm). The column was eluted with distilled water. Fractions of 5  ml were 
  collected after 100 ml elution, and each fraction was checked with a UV 
  spectrophotometer both before and  after phenol-sulfuric acid  treatment.68) 
 Fractions 1-30 contained I, while fractions 20-50 contained -CD (fractions 9 
 and 33 gave the maximum absorptions). Fractions 1-15 were lyophilized to yield 
 orange solids of I (30 mg): Rf 0.57 (5:4:3  n-BuOH:EtOH:water);  1H-NMR(D20)  8.4- 
 7.4(aromatic,  8H),  5.1(C1H, 7H), 4.4-3.2 ppm (others,  42H);  IR(KBr) 1710, 1285 
 cm-1;  UV(H20, Tris buffer, pH 7.2)  450(E 1000),  335(E 28000)nm. Elemental 
 analysis(Calcd. for I  4H20): C,46.66; H,5.89; N,1.94. Found: C,46.56;  11,5.74; 
  N,1.74. 
 Photoirradiation of azo-moieties  
 Photoirradiation of  azo-moieties (I or  Az1) was carried out with a 500 W 
 Xenon lamp using a Corning 7-37 filter which passed light of 320-390  nm. The 
 percentage of cis-isomer after photoirradiation was estimated from the decrease 
 in the absorbance at 335 nm and 322 nm (for I and for  Azl respectively) assuming 
 that the absorbance of cis-isomer is negligible in comparison with that of 
 trans-isomer (Fig. 4-1, 4-2).
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Kinetic measurements  
The kinetic experiments were carried out by adding 15  ill of stock solution of p-
nitrophenyl acetate in acetonitrile  (5.18x10-3  mol•dm-3) to 3 ml of the dark-
adopted or irradiated solutions of I or Azi, following the hydrolysis of the 
ester at 400 nm (25 °C; pH 8.7; Tris buffer). The concentration of  Azl was 
varied from  0 to  1.67x10-3  mol•dm-3, and the concentration of  13-CD was  2.5x10-4 
mol  dm-3. The concentration of I was varied from 0 to  1.00x10-3  mol•dm-3.
 cu 
0 
 A 
0 
[fa
 1  .  0
 
.  8 
 0  . 6
 0  .  4
 0  .  2
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Fig. 4-1. Absorption 
buffer,  1=1
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spectra of 
 cm).
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       -4 
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 600  h
, 
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 I-  1  m
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Fig. 4-2
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 I before and after photoirradiaton 
presence of 2000-fold excess 
, was 5x10-5Min Tris-HC1  buffer  (pH  7.2).
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4-3 Results and Discussion 
4-3-1 Photoregulation of Catalytic Activity of  -Cyclodextrin by an Azo 
Inhibtor 
     The effect of light on the catalytic activity of  I3-CD at varying 
concentrations of inhibitor  Azl is shown in Fig. 4-3 where catalytic activity is 
normalized to that of  e,-CD after correcting for the buffer-catalyzed rate. The 
data show the ability of light to convert the trans-isomer into the cis-isomer 
of  Azl and the concurrent decrease in inhibiting the catalytic action of e-CD 
may be explained by the mechanism shown in Scheme 4-1, where  trans-Azl binds to 
 -CD more strongly than  cis-Azl . Since neither isomer of  Azl exhibits catalytic 
activity, this reaction is solely responsible for the photocontrol of 
hydrolysis. Examination of molecular models suggests that the geometry of  cis-
Azl disfavours a stable complex with  I3-CD, this host-guest structural 
relationship being consistent with the above result (Scheme 4-1) . This system 
is reversible since the cis form of  Azl reverts spontaneously to the original 
trans form, permitting an  'on-off' control of the catalytic activity.
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Fig. 4-3 Effect of light in the hydrolysis of p-nitrophenyl 
acetate  (2.5x10-5mol.dm-3) catalyzed by  8-CD  (2.5x10-4mol.dm3) 
at varying concentrations of  Az1 (25 °C, pH 8.7, Tris-buffer); 
 •:before photoirradiation,  0  ,  after photoirradiation; relative 
activity/%=100(kob s-kun)/(k CD -kun) where kobs and kun denote the 
rate constants when both and neither of  8-CD and  Azl are present, 
and k is the rate constant in the presence of only 8-CD (k=       CD
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  4-3-2 Photocontrol of Catalytic Activity of Capped Cyclodextrin 
        In this case, the photochromic component is covalently bound to the 
  cyclodextrin ring. In the irradiated solutions of I, the reversion of cis-I to 
  trans-I during the kinetic experiments was neglible since the half life for the 
 1 reversion was very long (33 h) under the experimental conditions. Good  pseudo-
  first-oder rate data were obtained. The resulting rate constants after 
  correcting for buffer catalysis are shown in Table 4-1 . The maximum value of 
  the light-induced rate enhancement, expressed as kl
ight/kdark'was 5.5. The 
  rate enhancement is not significant for solutions containing high concentrations 
 of I because of the low proportions of the cis-isomer attained under this 
 experimental conditions. 
      The hydrolysis was analysed according to  Michaelis-Menten scheme [Eq.  (4-
 1)], 
      kI k2 
 S   I-S   >  I'  +  P (4-1) 
 k-1 
 where S is the substrate and P is the product . The rate constants for the 
 reaction of entirely complexed ester,  k2, and the Michaelis constants , Km, were 
 evaluated from a Lineweaver-Burk  p1ot,69) and the resultant kinetic parameters 
 are given in Table 4-2. The kinetic representation for the hydrolysis after 
 photoirradiation was very complex, since both trans- and cis-isomers of I were 
 present and compete in substrate  binding.57)                                                 The kinetic parameters for cis-I 
 were thus approximately estimated, assuming negligible competition in substrate 
 binding. The maximum rate constant k2 for cis-I was smaller than that for
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trans-I, indicating its unfavorable geometry for holding a substrate molecule in 
the correct position; the substrate molecule would be included too deeply in the 
cavity of cis-I to attain a favorable position between the carbonyl group of the 
substrate and the alkoxide ion of the CD moiety (Fig. 4-4). The Km value for 
cis-I was considerably smaller than that for trans-I, indicating that the 
substrate was included deeply in the expanded hydrophobic cavity of cis-I 
resulting in enhanced binding, whereas the cavity of trans-I was too shallow to 
form a stable complex. These situations led to an increased apparent overall 
hydrolysis rate k2/Km for  cis-I, which was about five times larger than that for 
trans-I. A comparison of the k2 value for trans-I with that  of  f3  -CD indicated 
that the shallow cavity of trans-I was more favourable for catalytic activity 
than that of  13-CD. However, this advantage is cancelled by its inferior binding 
ability, resulting in poorer catalysis than with  (3-CD. Capped CDs were reported 
to be different from the parent CD in inclusion-binding  ability70)                                                                                 and
stereoselectivity of CD-catalysed ester hydrolysis. The behaviour of cis-I in 
ester hydrolysis is very similar to that of another rigidly capped CD reported 
by Fujita et  a1.,50)                          who also demonstrated a change from meta-selectivity for 
the parent CD to  para  -selectivity for the capped compound. The author also 
observed a change in selectivity with I; the catalytic activity of I in the 
hydrolysis of p-nitrophenyl acetate is negligible both before and after 
photoirradiation. 
     This system is reversible, since the cis-form of  I is thermally or 
photochemically converted into the trans-form permitting on-off control of the 
catalytic activity. (The original trans-form was recovered within 10  min by 
photoirradiation with light of longer wavelength(ca. 440  nm).)
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Table 
of
 4-1. Effect of light on rate constantsa)                                                     for 
with p-nitrophenyl acetate
reaction
 104[1] %cis
          b) 
         /s-1         105k.ifs-lb)  5 10kdarklighr  kli ght  /k  dark
 0.5 
 0.83 
 1.0 
 2.0 
 3.3 
 5.0 
 6.7 
 8.3 
10.0
50 
38 
45 
32 
32 
26 
16 
16 
 7
0.4 
0.4 
1.1 
1.6 
2.1 
3.2 
 3.8 
5.3 
6.8
1.2 
2.2 
2.6 
2.8 
4.0 
 5.7 
5.8 
7.2 
7.5
3.0 
5.5 
2.4 
1.8 
1.9 
1.8 
1.5 
1.4 
1.1
a) 
b)
 pH 8.7 solutions (0.05 mol•dm-3Tris buffer), 25°C, 
with 2.58x10-5 mol•dm-3 of p-nitrophenyl acetate. 
       (or  klight)=kobs-kun  (kun=1  .  17x10-4s-1) where kobs  kdark 
denote the rate constants in the presence and absence 
catalyst.
 and  kun 
of the
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Table 4-2. Kinetic  pa?ameters of 
   acetate with  13-CD,
hydrolysis 
trans-I and
of  p-nitrophenyl 
 cis-I.
Catalyst  103 k2/s-1  102 Km  102(k2/Km)
6-Cyclodextrina) 
trans-I 
cis-I
1.09 
1.62 
 0.70
0.73 
2.34 
0.19
15 
 6.9 
37
a) Reported values k2, 1 
 14x10-2 (A. Harada, M. 
 9, 705  (1976)).
.15x10-3 s 
Furue, and
 -1 
 S.
Km,  0.83x10-2; k2/Km, 
Nozakura, Macromolecules,
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4-3-3 Photocontrol of Chiral Recognition by Capped Cyclodextrin 
      Both isomers of I exhibit induced circular dichroism of the cap azobenzene 
whose ellipticity decreases on addition of guest  molecules.52,67) On the basis 
of this phenomenon, the analysis of complex formation was performed using the 
previously reported  equations52b)                                      as shown below, and both cis- and trans-I 
(Fig. 4-5) were found to form 1:1 and 1:2 host-guest complexes with the chiral 
guests(G) 
 K1  
 CD  +  G   CD-G 
 K2  
 CD-G +  G    CD-G2 
where different molecular ellipticities were assumed for  CD-G and  CD-G2. 
The formation constant K for a 1:2 host-guest complex was calculated the 
following equation; 
            K1(1 + K2Cs) 
 K  -(4-2)  e
l-02         1 + K
1Cs 
 81  -  ex 
where  0=molar ellipticity, e
x for sample, 0 for I alone,  e1 and e2 for  CD-G and 
CD-G2. If  K1Cs(e1  —  02)/(0  -  0x)>>1, eq. 4-2 generates the following 
equation: 
 K 1 1 K2  
                                       (4-3)                      C  —  e         l
2s  °I - ex e61 -  62 
Thus,  K2 can be obtained by plotting  K/(81 - Ox) against the reciprocal of the 
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guest concentration 
equation 
       1 + K2C
s  
 K 
by plotting (1  +K2C
s
1 
K1 
 )1K
By
+
as
K2theusing
02) ( 01
functiona
 value, K1 
 C
s  
0- 0
X        x 
of  Cs/081 -
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ex ) .
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 (4-4)
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     The formation constants for CD-G2 were summarized in Table 4-3. Those for 
 CD-G could not be determined since the values are too large to be determined 
definitely. It was previously assumed that the first guest molecule was readily 
involved in the space outside the CD cavity and yet still within the azobenzene 
cap whereas the second one involved in the  cavity.67b) The formation constants 
listed in Table 4-3, therefore, may reflect the stereoselectivity of inclusion 
of the second guest molecule into the CD cavity. The data indicate that;  (i) 
cis-I binds the second guest more strongly than trans-I and (ii) the 
stereoselectivity of cis-I in binding the guest is opposite to that of trans-I 
except for  a-methylbenzylalcohol. These results may be derived from the changed 
depth of CD cavity of I, from shallow cavity to deep one on trans->cis 
photoisomerization of the cap. The light-induced enhancement in the binding 
ability of I seems to correspond to the  expanded hydrophobic cavity of cis-I. 
The stereoselectivity observed here may arise from the interactions of the guest 
molecule with the CD rim or wall corresponding to the shallow or deep depth of 
the cavity, although the chiral guest involved first might also participate in 
the chiral discrimination. Thus, the results suggest that the CD wall and rim 
exert opposite effects with each other in recognizing the guest chirality. It 
should be noted that the cis form produced by photoirradiation reverses to the 
original trans form spontaneously in the dark and the system can be regarded as 
a chiral discriminator controlled by light, though the extent of discrimination 
is not so high yet. Above results indicated that it is possible to hydrolyze 
enantiomeric esters stereoselectively with I as a catalyst.
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Table 4-2. The formation constants of various guests  withtrans-I 
or cis-I
Guest  Enantiomeric 
  form
Host Formation 
constanta) 
  K2  (M-1)
 K(L)/K(D)
 Carvone
Fencone
Phenylalanine
 L  (  -  )
 D  (+)
L (-)
D (+)
L  (  -)
D (+)
 Li  (-)
D (+)
L
D
trans-I
cis-I
trans-I
 cis  -I
trans-I
204
158
1550
1680
604
536
1230
1480
1.20
1.47
1.29
0.92
1.13
0.86
0.82
L cis-I 45 1.22
 D 37
 a-Methylbenzyl- L 
alcohol 
                  D
trans-I  16.1
 15.8
1.02
L cis-I 145 1.29
D 112
 N-Acetyl-a-
methylbenzyl-
amine
L
 D
L
 trans-I
cis-I
27.5
37.9
2090
0.73
 2.23
 D 939
a) 25°C  , pH 7.2, Tris buffer;  K2=[CD-G  2W[CD-Gl[G].
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Transphosphorylation System in the Presence of Cyclodextrins
5-1 
5-2 
5-3
Introduction 
Experimental 
Results and Discussion 
 5-3-1 ATP and AMP Formation from ADP in the Presence of 
5-3-2 Reversible  Transphosphorylation in the Presence of 
        Cyclodextrin 
5-3-3 The Effect of Metal Ions on the Complex Formation 
        Adenosides and Cyclodextrin 
5-3-4 Outlook of the Present Transphosphorylation System
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Methylated
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 5-1 Introduction 
      Adenosine triphosphate (ATP) is a molecule of vital importance in 
metabolism, acting as a high-energy  coenzyme to promote many reactions which 
would otherwise be thermodynamically  unfavorable.71) The mechanisms of ATP 
formation can be classified into two pathways. One is known as 
 photophosphorylation or oxidative phosphorylation in which ATP was formed from a 
"energy-rich  phosphate".72) These reactions can be expressed as Eq. 5-1: 
                 ADP  + Pi  -----> ATP  (5-1) 
The other is known as  transphosphorylation73) such as the reaction by adenylate 
kinase according  to ,Eq. 5-2: 
              2ADP AMP + ATP (5-2) 
Many investigations of ATP regeneration in vitro have been reported according to 
Eq. 5-1. But there were little reports of nonenzymatic system according to Eq. 
5-2. 
     In the former chapters 3 and 4, it was described that a CD molecule could 
include one or more molecules in its hydrophobic cavity and control the reaction 
rate or the selectivity as a  "conformational effector". The guest molecules 
used in those chapter were usual-sized aromatic molecules, because of almost the 
molecule being included in CD cavity. Even if a part of molecules interacted 
with CD cavity, CD should give the effects for the reaction process as a 
conformational effector. In this chapter, one of the examples on the above-
mentioned assumption is indicated: the results of transphosphorylation between 
AMP, ADP and ATP in the presence of CDs are discussed.
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5-2 Experimental 
Materials  
      8-CD was  recrystallized from water and dried overnight in  vacua at room 
temperature. Methylated cyclodextrins;  heptakis-(2,6-di-O-methyl)-8- 
cyclodextrin  (DM-6,-CD) and  heptakis-(2,3,6-tri-0-methyl)-a-cyclodextrin  (TM-8-
CD) were prepared according to  Szejtli74) as follows: Anhydrous  8--CD was 
dissolved in dry DMSO and after cooling to 0 °C sodium hydride was added. 
Methyl iodide was added under cooling to 0 °C and the mixture was stirred 24 h 
 0 at room temperature. After cooling to 0 C the excess of sodium hydride was 
decomposed by the addition of methanol and the mixture was poured onto crashed 
ice with stirring. The aqueous layer was extracted with chloroform, the organic 
layer was washed until neutral with water, dried with  Na2SO4 and evaporated. 
The syrupy residue was crystallized from chloroform-n-hexane and then from 
cyclohexane,  TM-8-CD was obtained (50  % yield): Rf 0.78 
 (chloroform:methanol=9:1);  1H-NMR(D20) 3.7(2-0-methyl), 3.6(3-0-methyl), 3.4 
ppm(6-0-methyl).  DM-8,-CD was obtained by the methylation with dimethyl sulfate 
and a mixture of  Ba0 and Ba(OH)2 8H20 in  1:1 DMSO-DMF below 20° C for 72 h. The 
excess of dimethyl sulfate was decomposed by the addition of conc.  NH4OH and the 
mixture was extracted with chloroform repeatedly. The extract was evaporated to 
obtain a syrupy residue. The crude product was recrystallyzed from hot water 
(60  % yield): Rf 0.73  (chloroform:methano1=9:1);  1H-NMR(D20) 3.7(2-0-methyl), 
3.4 ppm(6-0-methyl). Creatine and hydrochloric salts of Ca2+, Cu2+, Co2+, Ba2+, 
Zn2+      and Mg2+                  of reagent grade were used without further purification. 
Adenosine 5'-monophosphate (AMP), adenosine 5'-diphosphate (ADP) and adenosine 
5'-triphosphate (ATP) of reagent grade were also used without further 
purification. The purity of the three adeniside was checked with HPLC equipped 
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with an ion-exchange column. 
Methods  
     The representative experiment was carried out in test tubes capped with 
cotton. The test tubes were shaken in a water bath maintained at 37.0 °C. The 
reaction mixture consisted of 2.5 mM ADP and 2.5 mM cyclodextrin in 4.0 ml of 
1/15 M phosphate buffer (Na2PO4+KH2PO4) of pH 7.0 containing 2.5  mM metal ion 
(mM=10-3mol dm-3). The reaction mixture of 20 ;.1 l was sampled at various 
intervals and analyzed with a HPLC apparatus equipped with an ion-exchange 
column of IEX-540 DEAE  (1):0.4 x 25 cm (Toyo Soda) and eluted with a 0.1  M 
phosphate buffer of pH 7.0 containing 20% acetonitrile at a flow rate of 0.33 
 ml/min. Detection was 258 nm UV absorption at room temperature. ATP formation 
was confirmed by the peaks at a retention time, Rt, of 28  min compared to ADP 
and AMP of Rt 20 and 15  min respectively. The fraction containing ATP by HPLC 
was checked by TLC with a solvent system of isobutyric acid:ammonia:water 
66:1:33, and also checked by  31P-NMR spectroscopy detecting the  a-phosphate of 
-20 .6 ppm referred to  H3PO4. 
     The 31P-NMR spectra were measured using a JEOL FX-90Q FT-NMR spectrometer. 
The sample was dissolved in a phosphate buffer at room temperature with an 
inorganic phosphate ion as a reference with 1000-2000 pulses. Circular 
dichroism measurements were made with a JASCO  CD-500C apparatus at 27°C. 
Kinetic Determination of Association Constants
     Upon the assumption of 
association constants (K) 
is much higher than that of
the formation of a 1:1  6-CD-adenoside complex 
were determined with the following equation if 
a substrate concentration;67a,75)
 , the 
 [CD10
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             e
x- es 
 K  =   (5-3) 
 (0  -  0x)[CD] 
In this equation, 0= molar  ellipticity in  deg.cm2/dmol,  ex for the sample, 
for adenoside alone,  0. for highest CD excess. And  [CD]o is the 
concentration of  3-CD. The plots of  11[CD]  vs.  11(  ex—es) were linear. 
values of K were then calculated from the slope and intercept, respectively 
these lines using the least-square method.
 0 
total 
 The  
, of
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5-3 Results and Disccusion 
5-3-1 ATP and AMP Formation from ADP in the Presence of Cyclodextrin 
     The formation of ATP from ADP was observed at a maximum of 41% at 
approximately 100 h as shown in Fig. 5-1. The identification of ATP in the 
reaction mixture was indicated in Fig. 5-2. The time course of ATP formation is 
shown in Fig. 5-3. In the initial stage, the induction period was as long as 50 
h. Then ATP and AMP increased and ADP decreased. In the final stage after 150 
h, a white precipitate was formed and simultaneously the decrease in the 
concentration of all three compounds occurred. The precipitates contained 
magnesium and adenosine residues. The dependence of ATP formation on the CD 
concentration is shown in Fig. 5-4. At the higher CD concentration, the 
induction period increased and the decrease in ATP concentration was depressed. 
ATP formation depended on the  s-CD concentration. With 1/5 to 3 times the 
equimolar amount of  I3-CD to ADP, the ATP formation was not so different but 6 
mol excess  s-CD caused slow formation of ATP. The addition of cyclohexanol 
caused a drastic drop in ATP formation as shown in Fig. 5-5. When the amount of 
cyclohexanol was more than the amount of CD, ATP formation completely stopped. 
This was due to an inhibiting effect by cyclohexanol which occupied the 
hydrophobic cavity of CD. ATP formation was also observed in the presence of 
methylated CD. Fig. 5-6 shows the time course of ATP formation, when  DM-(3-CD 
was used in place of  s-CD itself; in this case, there was no formation of a 
white precipitate. This result indicated the disappearance of two molecules of 
 ADP and the formation of one molecule each of AMP and ATP. The above result 
suggests that CD was one of the essential factors for this ATP formation system. 
Another essential factor to form  ATP was MgC12. The dependence of ATP formation 
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on MgC12 concentration was also examined and the results are summarized in Fig. 
 5-7. Besides these examinations, the effect of  02, buffer solution and 
temperature were observed. Without  02, the reaction did not proceed. Ionic 
strength and  pH of the phosphate buffer and reaction temperature were optimum 
under the present conditions. The phosphate ion in the buffer solution may not 
be essential to ATP formation in this system. The increases of ATP and AMP and 
the decrease of ADP were also observed in the Tris-HC1 buffer solution in the 
presence of CD (Fig. 5-8). In addition, the addition of creatine caused 
acceleration of ATP formation. With creatine, ATP formation occurred earlier 
and faster but at the same high conversion level. As shown in the time 
conversion curve with  f3-CD and creatine, the induction period took two times 
shorter, and ATP formation occurred earlier at the same conversion level (Fig. 
5-9). It can be said that the CD can produce a hydrophobic field for reaction 
in many cases.39) Also, the CDs catalyze the hydrolysis of the phosphate,76) and 
the creatine may play a role in forming an intermediate in this system. In the 
presence of  s-CD, the same kind of behavior was observed without creatine. 
Since both AMP and ATP formation from ADP was observed, CD seems to have an 
effect on the transphosphorylation in the  following equation (Eq. 5-4): 
      2ADP  > AMP ATP (5-4) 
               Mg2+'  02 
 cyclodextrin
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Fig. 5-3. Time Course of ATP Formation in the 
                                 Presence of 6-CD 
 Reactant:[6-CD]=2.5 mM,  [MgC12]=2.5 mM, [ADP]=2.3  mM, 
 [AMP]=0.2 mM (impurity of  ADP). 
Solvent:1/15 M phosphate buffer (pH 7.0), 37°C.
 -  70  -
.......  0
- 
 I-. 
.:C 
4- 
0 
 C 
0  
•  1- 
 S.- 
-I-' 
 C 
 CU 
 U 
 C 
0 
 C-)
 0.6
0.4
0.2
 lit
WI* V
I:
 r. .'
 I 
 '1 
.I 
1_•
 /
/
11
 i  
 • 
•  : 
r1  _.
ft 
t
t
 Vi
 ...001.'"  ...
 %.•.  ..,„„,.. 
‘ 
 ^   ‘. '^  N. •...._ 
 ‘s.N..'lb .
.     %
., ^..........'  'a
's. ..
    0 40 80 120 160 200 
                      Time/h 
Fig. 5-4. Time course of ATP formation depending on 
 I3-CD concentrations 
 [MgC12]=2.5 mM,  [ADP]=2.3 mM,  [AMP]=0.2  mM. 
 [8-CD];  A:10.0 mM,  B:5.00 mM, C:2.5 mM, D:1.25 mM, 
         E: 0.63 mM, F: 0.31 mM, G:none. 
Solvent:pH 7.0 phosphate buffer, temperature:37 °C. 
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Fig. 5-6. Time Course of ATP Formation in the 
                                          Presence of  DM-(3-CD.
 Reactant:[DM-6-CD]=10 mM,  [MgC12]=2.5 mM, [ADP]=2.3 mM, 
 [AMP]=0.2 mM (impurity of  ADP]. 
Solvent:1/15 M phosphate buffer (pH 7.0), 37 °C.
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Fig. 5-7. Time course of  ATP formation depending on 
 MgCl2 concentration 
 Reactant:[ADP]=2.3 mM,  [AMP]=0.2 mM,  [Q-CD]=2.5 mM, 
 [ l2];  A:125 mM, B:62  mM, C:2.5 mM, D:none. 
lvent: pH 7.2 phosphate buffer, temperature:37 °C.
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 5-3-2 Reversible Transphosphorylation in the Presence of Methylated Cyclodextrin 
     As indicated in section 5-3-1, that both AMP and ATP formation from ADP was 
 observed, CD in this system seemed to have an effect on the transphosphorylation 
 in Eq. 5-4: 
              2ADP  > AMP ATP (5-4) 
However, as  8-CD has poor solubility in water and the white precipitate 
containing phosphate, magnesium and CD was formed after a 150 h period in the 
 presence of  8-CD (Fig. 5-3), it could not be decided what was the exact 
kinetical behavior concerning CD molecule in that system. In  order to make sure 
of this point, the examination was carried out using methylated CDs that solved 
in water over 20 times higher than  8-CD. 
      Fig. 5-10 shows the typical time course of ATP formation in the presence 
and absence of  DM-8-CD. With  DM-8-CD, the concentrations of ATP and AMP 
increased and the concentration of ADP decreased after a 20 h period of 
induction. After 150 h, the concentrations of all three adenosides reached 
approximately to the same point. Until the final stage of this reaction, the 
white precipitate was not formed. It seems that the reaction mixture reached to 
a certain equilibrium point. Without  DM-8-CD, no ATP formation occurred. Fig. 
5-10 also shows that there was no self-hydrolysis of adenosides. When  DM-13-CD 
was replaced with  TM-8-CD, the reaction mixture also reached approximately to 
the same concentration without the white precipitate formation. The result 
suggested that the cyclodextrins facilitated the transphosphorylation according 
to the Eq. 5-2 and phosphate ion in the reaction solution was not essential. As 
shown in Fig. 5-8, the phosphate ion in the buffer solution may not be essential 
to ATP formation in the present CD system. The increases of ATP and AMP and the 
decrease of ADP were also observed in the Tris-HC1 buffer solution in the 
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  presence of CD. To confirm the above assumption, the effect of  DM4-CD in the 
  reversed courses of Eq. 5-4 according to Eq. 5-5 was observed. 
              AMP + ATP   2ADP (5-5) 
  Adding of  DM-43-CD also affected the reaction process. The consumption of ATP 
  and AMP and the formation of ADP are shown in Fig. 5-11. The reaction mixture 
I reached to the same equilibrium mixture as the forward ATP formation after 150 
  h. In the presence of another  CD,  the same behavior was observed. When  5.-CD 
  was used in reversed reaction, after 100 h, a white precipitate was formed as 
  same as in ATP formation reaction. Only a little change of adenosides occurred 
 without CD. The equilibrium constants, K, in both forward and reversed 
 reactions were determined in the presence of three CDs (Table 5-1). The K 
 values in the forward reaction (according to Eq. 5-4) and in the reversed 
  reaction (according to Eq. 5-5) were almost the same each other. And they were 
 very near to the reported equilibrium constants for the natural adenylate kinase 
 0.8 to  1.0.73) From these results, the author suggests an equilibrium reaction 
 as in Eq. 5-2 in the presence of a CD.  DM--CD has only seven hydroxyl groups 
 at C-3 position on glucose ring and  TM-(3-CD has not any active groups. The role 
 of CD in this transphosphorylation system seems to afford not a catalytic site 
 but the conformational effector in the reaction course. Complex formation with 
 CD may facilitate the approach of two adenosides and therefore 
 transphosphorylation occurred without self-hydrolysis. These results suggest 
 that the CD had an effect on the reversible transphosphorylation as in Eq. 5-2 
 in both directions as Eq. 5-4 and 5-5. At this moment, this new type of the 
 phosphorylation can be drawn as the equilibrium reaction and seems to be a model 
 reaction similar to adenylate kinase.
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 Fig. 5-10. Time course of ATP formation in the  presence(40,A,I1) 
             and  absence(04,0) of  Dm-e-CD  in  phosphate buffer 
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Table 5-1. The ratio of adenoside concentrations 
in the equilibrium state
Kb)
Cyclodextrin Starting with ADP Starting with AMP + ATP
 B--CD 
 DM-f3-CD 
 TM-B-CD
c) 
0.9 
0.9
1.1 
1.1 
1.3
 a)  [13-CD]=[DM-8-CD]=[TM-8-CD]=1.0x10-2 M, 
 total concentration of three adenosides:2
b) The values were calculated according to
2ADP
 CD,  Mg2+
 ATP + AMP  K=
pH 7. 
.5 mM 
 the
0, temperature:37 °C, 
following equation;
 [ATP]  [AMP]
 [ADP]2
c) The value 
  formation.
was not calculated because of a white precipitate
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5-3-3 The Effect of Metal Ions on the Complex Formation between Adenosides 
Cyclodextrin 
Interactions between CD and adenosides in the  presence of bivalent metal ions
and
     The circular dichroism spectra of ADP below 280 nm in the presence of MgC12 
and the dependency of the intensities on the concentration of  13-CD are shown in 
Fig. 5-12. The spectrum of ADP without 13-CD had a negative maxmum with [0] of 
about 3300 in the vicinity of 255 nm. This circular dichroism band  came from 
the adenyl moiety of ADP. Since the circular dichroism spectra changed with an 
increase in the concentration of  0.-CD,  13-CD should interact with ADP at the 
adenyl molecules. The spectra of AMP and ATP showed almost the same features as 
those of ADP. The association constants (K) of  Fi-CD and three adenosides for 
1:1 host-guest complexes were determined by the analysis of the circular 
dichroism changes at 255 nm using Eq. 5-3 on the basis of 1:1 host-guest 
stoichiometry. The plots are shown in Fig. 5-13; where a line was drawn to 
represent a least-square fit, the values obtained are shown in Table 5-2. The 
association constant with ADP was the largest of the three adenosides. In the 
absence of  MgC12, the value of K between  I3-CD and ADP was 77.4; about two-fold 
smaller than that in the presence of MgC12. The circular dichroism spectra of 
AMP, ADP and ATP changed with the addition of  VCD in the presence of magnesium 
chloride, and all three adenosides were included into  1B-CD as a 1:1 complex 
formation. Since this band revealed a peak around 255 nm, it was confirmed that 
CD interacted with the adenyl moiety. But if only the adenyl moiety was 
included into the CD cavity, no difference between the association constants of 
the three adenosides should be observed. Although the CPK model examination 
suggested that the size of AMP was most suitable to be included into the  13-CD 
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cavity, the association constant for AMP was the smallest among the  three 
adenosides. Moreover, the  0, value of AMP, which was calculated from the 
intercept of the plot in Fig. 5-13, was very small compared with that of other 
adenosides. The 8onrepresents the molar elliplicity for highest CD 
concentration in excess, in other words, the value represents the molar 
elliplicity of AMP when all AMP molecules interact with CD molecules. This 
result suggested that the conformational geometry between the CD cavity and AMP 
was different from that of ADP and ATP. From these results , the adenosides such 
as ATP and ADP seemed to interact with both through the phosphate and 
adenine moiety by adopting a bent conformation. These phenomena were also 
reported in the case of the criptand as the host  molecule.30) The magnesium ion 
appeared to chelate the phosphate group which affected the conformation of the 
adenosides and their binding ability with  3-CD. Because the AMP molecule 
contains only one phosphate moiety, there was little effect on the conformation 
as indicated by the very small association constant was indicated . The 
assumption that metal ion chelation affected the adenoside conformation also 
explained the marked chemical shift of 31P-NMR spectra. ADP and ATP were 
completely chelated by the magnesium ion but AMP was not (Table 5-3) . The 
suggestion that the metal ions chelated with adenosides controlled the 
conformation of adenosides and the change of the adenoside molecular shape was 
affected by complex formation with CD was supported by the association constants 
between ADP and CD in the presence of various bivalent metal ions . The 
association constant between  B-CD and ADP varied with the kind of bivalent metal 
ion. The [01255 values  in the presence of each of the six metal ions , Ca2+, 
Cu2+, Co2+, Ba2+, Zn2+ and Mg2+, decreased with increasing concentration of  13-CD 
(Fig. 5-14). Each  [0]255 value in the absence of CD was almost the same as that 
for the magnesium ion. The plots according to Eq. 5-3 and the association 
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constants are shown in Fig. 5-15 and Table 5-3. In the case of Ca2+ addition, 
the line could not be drawn from the plot. In the case of Ba2+ addition, the K 
value was too small to be determined by these plots. The values, except for the 
above two cases, were between 30 to 60 and smaller than the value in the absence 
of a metal ion. With any bivalent metal ion, the change in circular dichroism 
spectra was almost the same; ADP interacted with CD at the adenyl moiety in a 
1:1 complex formation with association constants from 0 to 132. The six 
bivalent metal ions can be classified into three groups based on  their effects 
on the association constant; causing an increase or decrease compared with the 
system in the absence of metal ions. The first group consists of only Mg2+ 
which increases the K value about two times as compared to a system without 
metal ions. The second group consists of Co2+, Cu2+, Zn2+                                                            and Ba2+                                       which
inhibits the complex formation between ADP and CD. In the presence of Ba2+, 
especially, there is no complex formation. The final group consists of Ca2+ 
where the association constant was not determined upon the assumption of the 
formation of a 1:1 complex formation. Any bivalent metal ion seemed to chelate 
the ADP molecule easily, so that any differences in K values were caused by the 
molecular shape of ADP chelating with the metal ion. A detailed conformational 
study was not pursued, however, it was confirmed that the conformation of Mg2+ 
chelated ADP seemed to be included into the  .-CD cavity easier than that without 
Mg2+. This classification depended on the type of buffer solution and ionic 
strength. 
The effect of bivalent metal ions for  transphosnhorylation in the CD  system
     Fig. 
of CD with
5-16 shows the 
 various metal
time 
ions.
course 
  In
of ATP formation from ADP 
the presence of magnesium 
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 in 
ion,
the presence 
starting with
ADP, the concentration of ATP began to increase with decreasing ADP after the 30 
h induction period. In the final stage after 100 h, a white precipitate was 
formed and simultaneously, a decrease in the concentration of all three 
compounds occurred. In the presence of other metal ions, ATP formation was not 
observed by a 200 h period. The transphosphorylation from ADP to ATP and AMP 
was observed only in the presence of the metal ion in the first group (Mg2+). 
It seems that the conformational effect of the metal ion was the first step to 
induce the transphosphorylation in the CD system. In other words, metal ions 
controlled the complex formation between adenoside and CD as a  conformational 
 effector.
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Table 5-2. Association constants between adenosides and CDa)
 1
Guest molecule K (M-1)
AMP 
ADP 
ATP 
ADP (in the absence of Mg2+)
 3 
132 
57 
 77
 
.  1  
.  3 
.1  
.  4
a) temperature:27 °C 
 [AMP]o=[ADP]o=[ATP]0  =8
pH 7.0 
 .00x10
  (phosphate buffer), 
 -5
M,  [MgC12]=8.00x10-3M.
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Table 5-3. Chemical 
 in the presence and
shifts 
absence
of 
 of
adenosides 
 magnesium
on 31P-NMR 
chloride
spectra
Samples Chemical shifts (ppm)
 Adenosides  [MgC12]  (m1v1)  ct-P  B  -P  Y-P
ADP
ADP
ATP
ATP
0
20
0
20
 -9 
 -9 
 -8 
 -9 
 -7 
-10 
 -9
 .086b) 
.692 
 .615b) 
.154  ' 
   c) 
.639 
 .970b) 
.456
-7 . 
-7. 
-5 . 
-5. 
-18 
-19 
-19
033b) 
 639 
 384b) 
889 
 .711b) 
          -7 . 
.888 
 c)-6. 
.182 
          -8 .
639 
349 
077
c) 
b)
a) at 
b) Two
27 °C 
peaks
in phosphate  buffer  (pH 
were observed. c) One
7.0  ) 
peak was observed.
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Table 
    in
5-4. 
the
 Association constants between ADP 
presence  of various bivalent metal
 and 
ion
CD
bivalent metal  iona)  K  (m-1) K/K none ATP  formaton
none 
Mg2+ 
Cu2+ 
Zn2+ 
Co2+ 
Ba2+
  77.4  (=Knone) 
 132.3 
  56.1 
  47.2 
  35.6 
no complex
1.00 
1.71 
0.72 
0.61 
 0.46 
 0
+
a) [matal ion] =5 .00x10-3M.
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Solvent:pH 7.0 phosphate buffer,  temperature:37°C.
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5-3-4 Outlook of the Present Transphosphorylation System 
    The new and simple transphosphorylation system among AMP, ADP and ATP was 
found in the presence of CD in a neutral aqueous solution with  MgCl2 at 37 °C 
under atomospheric conditions. In order to proceed transphosphorylation between 
adenosides, both the presence of CD and bivalent metal ion were essential. CD 
plays a role not as a catalytic site but as a conformational regulator in the 
reaction course. Hydroxyl groups on glucose ring do not seem to be essential. 
This CD system of the transphosphorylation is a nonenzymatic one, that is, it 
consists of adenoside, a metal ion and CD. It is suggested that these three 
components co-operate to induce small conformational changes, which facilitate 
the transphosphorylation. This simple system does not have any particular 
catalytic site, however, it should be valuable for discussing the complicated 
enzyme reactions.
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SIXCHAPTER
Conclusion
6 Conclusion 
     In this study, the author has reached the following conclusions; 
(1) Cyclodextrins had remarkable effect on various aqueous reactions through the 
inclusion of the reactants (guests) into their hydrophobic cavity. The effect 
of the inclusion on the reactions depended on the cavity size of cyclodextrin 
(inner diameter, depth and shape). The difference in tosylated position among 
 a-,  13- and y-cyclodextrins, and the differences of rate constants in the 
hydrolysis of nitrophenyl esters and chiral recognition of guest molecules 
between trans-form (shallow cavity) and cis-form (deep cavity) of azo-capped 
cyclodextrin compounds were observed. In addition, in the redox reaction 
system,  ---cyclodextrin inhibited the reaction, whereas  y-cyclodextrin 
accelerated the reaction. 
(2) The tosylation of cyclodextrins themselves was controlled through "one host-
one guest complexation". Cyclodextrin could include only one tosyl chloride 
with suitable geometry owing to their cavity sizes in the transition state, and 
then regiospecific monotosylated cyclodextrins yielded easily. In the cases 
other than the tosylation, "one host-one guest complexation" induced only the 
inhibition of reaction or the protection of guest molecules from decomposition. 
(3) Transphosphorylation system in the presence of cyclodextrin and the redox 
reaction system with  rcyclodextrin were controlled through  "one host-two guests 
complexation". Cyclodextrins recognized and included the metal ion-nucleoside 
complexes or catalyst-substrate complexes in the reaction course and then the 
reaction proceeded. In the chiral recognition with azobenzene-capped 
cyclodextrin, the second guest molecule was included more selectively than the 
first molecule. These are the first results, in the field of  biomimetic 
chemistry, that one host molecule included two or more guest molecules in the 
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cavity. It could be pointed out that the role of cyclodextrin in these 
complexations exists as a "micro reactor" in molecular level or as a positive 
"conformational effector" . The cavity of cyclodextrin, which was surrounded by 
cyclic glucopyranosides, is deeper and rigider than that of crown ethers or 
cyclophanes. The properties enable cyclodextrins to control the reactions 
through these  complexation. 
(4) Finally, the author constructed the reaction systems simulating the 
complicated enzyme reactions using only cyclodextrin cavity without any 
particular catalytic sites. These results suggested that simulation of the 
highly functionalized reaction in nature did not need necessarily mimicing the 
natural constitutions.
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CHAPTER SEVEN 
 Summary
  7  Summary 
       In the present study, the effects of cyclodextrins on various reactions in 
 aqueous solutions were investigated. 
       In Chapter  1, the importance of host-guest chemistry as a basis for 
 reactions in natural and biomimetic systems , which proceed high-selectively, 
 high-specifically and high-sensitively is stressed. The aspect of 
 investigations with many host components such as crown ethers or cyclodextrins 
 was described. The design for controlling the reactions in aqueous solutions 
 through  "host-guest" complexation with cyclodextrins was described . The concept 
 of "conformational effector" was presented. 
       In Chapter 2, regiospecific monotosylation of  a- 13- and Y-CDs was 
 discussed. Tosylation of CDs in aqueous alkaline solutions gave regiospecific
 products corresponding to the cavity size of the CDs. In order to establish the 
 tosylated positions of the products,  13C-NMR spectra were examined . It was 
 determined that tosyl moiety was attached to the 6-position of one glucose unit 
 for  o-CD and to C-2 position for  8-CD. In the case of Y-cyclodextrin , there 
 were two regiospecific isomers; 2-monotosyl-Y-CD and  6-monotosyl-Y-CD . 
 Tosylation in an aqueous solution proceeded with  1:1 complex formation between 
 CD and tosyl moiety in the transition state, which controlled the tosylation to 
 yield only one tosyl moiety regiospecifically. These results were the examples 
 of CD controlled modification of their own hydroxyl groups around hydrophobic 
 cavity. Moveover,  monotosyl-)LCDs included benzene derivatives tighter than  1- 
CD, and  2-monotosyl-l-CD discriminates the structural differences of the guests 
more effectively than  6-monotosyl-Y-CD did. 
      In Chapter 3, one host-two guests complex formation and its application to 
control reactions formation were discussed. The one host-two guest complexation 
 -  96  -
was found by the investigation of the fluorescence spectra: the effect of 
increasing CD concentration on the fluorescence spectra of sodium  a-
naphthylacetate was negligible for  04-CD, large only in the normal fluorescence 
band for  -CD, and large for both the normal and the excimer fluorescence bands 
for  y-CD, showing the ability of Y-CD to form one host-two guests complexes. 
The redox reaction was controlled by these complexations: the redox reaction 
 between  -benzylnicotinamide and ninhydrin was affected by addition of CD.  y-CD 
facilitated the formation of the ternary complex of catalyst-substrate-y-CD in a 
1:1:1 ratio, in which the redox reaction proceeded. Whereas  (3-CD inhibited the 
formation of the catalyst-substrate complex, causing the rate reduction. This 
was the first example that the CD cavity controlled the catalyst-substrate 
complex formation. 
     In Chapter 4,  photocontrol of cyclodextrin functions was discussed. 
Azobenzene moieties, which changed from trans-form to cis-form by 
photoirradiation reversibly, were attached to cyclodextrin or guest molecules. 
The change of hydrophobic cavity size of CD or  molecular shape of guest induced 
the change of the CD functions. When the potassium  p-(phenylazo)benzoate  (Azl) 
was used as photosensitive inhibitor, the hydrolysis of p-nitrophenyl acetate 
catalyzed by-CD can be photoregulated by means of trans-cis photoisomerization 
of  Azl. The hydrolysis rate was also photoregulated by azobenzene-capped CD 
(I). The rate of hydrolysis was accelerated by photoirradiation mainly owing to 
the increased binding ability of cis-I. The compound (I) exhibited chiral 
recognition in binding optical isomers of some guest molecules. 
     In Chapter 5, the transphosphorylation system in the presence of CD was 
discussed as the example that CD cavity affected the chelated complex formation 
between metal ion and nucleosides, and that CD cavity induced the 
transphosphorylation as a conformational effector. A nonenzymatic 
 -  97  -
transphosphorylation among AMP, ADP and ATP was observed in the presence of CD 
in a neutral aqueous solution with MgC12 under atmospheric conditions. CD and 
Mg2+ were essential. The presence of CDs was found to facilitate both forward 
and reversed reaction according to the equation  (2ADP  AMP + ATP) with an 
equilibrium constant of approximate unity. Moreover, the transphosphorylation 
was also observed in the presence of methylated CD, and the CD and the 
methylated CD affected the reaction not as a catalytic site but as a 
conformational effector. And the Mg2+ seemed to affect the complex formation 
between adenoside and CD. This transphosphorylation system needs further 
investigation. However, this system without any particular catalytic site is 
valuable for discussing the mechanism of complicated enzyme reactions such as 
transphosphorylation by adenylate  kinase.
 -98-
 References 
1) R. Breslow, "Biomimetic Chemistry", American Chemical Society, (1980), 
     p. 1. 
2) D. J. Cram and J. M. Cram, Science, 183, 803 (1974). 
3) (a) Y. A. Ovchinikov, V. T. Ivanov, and A. M. Shkrob, "Membrane-Active 
   Complexones" (B. B. A. Library, 12)  Elseivire, (1974). 
   (b) T. Osa (ed.), "Host-Guest Chemistry", Kyoritsu-Shuppan, Tokyo, (1979). 
   (c) H. Nakayama and Y. Kanaoka, Kagaku, 38, 565 (1983). 
4) L. Mandelcorn, "Non-Stoichiometric Compounds", Academic Press, New York 
  (1964). 
5) A. Weiss, K.  Hartl, and U. Hofmann, Z. Naturforsch., B 12, 351 (1957). 
6)  G. A. Jeffrey and R. K. McMullan, Prog. Inorg. Chem., 8, 43 (1967). 
7) W. Eitel, "Silicate Science", 5, Academic Press, New York, (1966). 
8) N. V. Belov, "Crystal Chemistry of Large Cation Silicates", Consultants 
  Bureau, New York, (1963). 
9) D. W. Breck, J. Chem. Educ., 41, 678 (1964). 
10) W.  Schlenk Jr., Fortschr. Chim. Forsch., 2, 92 (1951); Chim. Unserer Zeit, 
  3, 120 (1969); Ann. Chim., 1973, 1145. 
11) F. Cramer, "Einschlussverbindungen", Springer, Heidelberg, (1954). 
12) W. Saenger,  Umshau., 74, 635 (1974). 
13) D. French, Adv. Carbohydr. Chem., 12, 189 (1957). 
14) J. A. Thoma, L. Stewart, "Starch, Chemistry and Technology", edited by 
   R. L. Whistler and E. F. Paschall, Academic Press, New York, (1965). 
15) D. W. Griffiths and M.  L. Bender, Adv. Catal., 23, 209 (1973). 
16) F. Cramer and H. Hettler, Naturwissenshaften, 54, 625 (1967). 
17) R. J. Bergeron, J. Chem. Educ., 54, 207 (1977). 
                                       - 99 -
18) 
19) 
20) 
21)
22) 
23)
24)
25) 
26) 
27)
28)
29) 
30) 
31)
32) 
33) 
34)
K. H. Fromming, Pharm. Userer Zeit, 2, 109 (1973). 
 S. G. Frank, J. Pharm.  Sci., 64, 1585 (1975). 
J. Szejtli, Starke, 3, 427 (1978). 
 (a) F. Vogtle and E. Weber, Angew. Chem.  Int. Ed. Engl., 18, 753 (1979). 
 (b) F. Vogtle,  Chimica, 33, 239 (1979). 
C. J. Pedersen, J. Amer. Chem. Soc., 89, 2495 (1967); ibid., 89, 7017 
(1967). 
W. P. Weber and  G. W. Gokel, "Phase Transfer Catalysis in Organic 
Synthesis", Spriger, New York, (1977). 
R. Oda, T. Shono, and I. Tabushi, "Crown Ether Chemistry", (Kagaku Zoukan 
74), Kagaku Dojin, (1978). 
M. Hiraoka, "Crown Compounds", Kodansha, Tokyo, (1978). 
R. M. Izatt, J. J. Christensen (ed.), "Synthetic Multidentate Macrocyclic 
Compound", Academic Press, New York, (1974). 
R. M. Izatt and J. J. Christensen (ed.), "Progress in Macrocyclic 
Chemistry", 1, Interscience, (1979). 
M. Hiraoka, "Crown Compounds" (Studies in Organic Chemistry, 12), 
Kodansha-Elseivier, (1982). 
J. M. Lehn and C. Sirlin, J. Chem. Soc. Chem. Commun., 1978, 949. 
P. R. Mitchell and H. Sigel, J. Amer. Chem. Soc., 100, 1564 (1978). 
(a) E. Kimura, A. Sakonaka, T.  Yatsunami, and M. Kodama, J. Amer. Chem. 
Soc., 103, 1041 (1981). 
(b) E. Kimura,  M. Kodama, and T. Yatsunami, J. Amer. Chem. Soc., 104, 
3182 (1982). 
A. Villies, C. R. Acad. Sci., 112, 536 (1891). 
F. Schardinger, Wien. Klin. Wochenschr., 17, 207 (1904). 
F. Schardinger,  Zentralble. Bakteriol. Parasitenkd. Infektionskr. Hyg.,II, 
                                    - 100 -
35) 
36) 
37)
38) 
39)
40) 
41) 
42)
43) 
44) 
45)
46) 
47)
48) 
49)
 188 (1911). 
 F. Cramer and F. M. Henglein, Chem. Ber., 90, 2561 (1957). 
 F. Cramer, Chem. Ber., 86, 1576 (1953). 
 F. Cramer  and  W. Dietsche, Chem. Ber., 92, 378 (1959). 
 A. P. Croft and R. A. Bartsch, Tetrahedron, 39, 1417 (1983). 
 (a) M. L. Bender and M. Komiyama, "Cyclodextrin Chemistry", Springer, 
 Berlin, (1978). 
 (b) W. Saenger, Angew. Chem.  Int. Ed.  Engl., 19, 344 (1980). 
 (c) I. Tabushi, Acc. Chem. Res., 15, 66 (1982). 
 (d) J. Szejtli, "Cyclodextrins and Their Inclusion Complexes", Akademiai 
 Kiado, Budapest, (1982). 
J. Szejtli, Starke, 34, 379 (1982). 
 Y. Iwakura, K. Uno, F. Toda, S. Onozuka, K. Hattori, and M. L. Bender, 
J. Amer.  Chem. Soc., 97, 4433 (1975). 
S. Onozuka, K. Kojima, K. Hattori, and F. Toda, Bull.  Chem. Soc.  Jpn., 53 
3221 (1980). 
(a) L. D. Melton and K. N. Slessor, Carbohydr. Res., 18, 29 (1971). 
 (b) Y. Matsui and A. Okamoto, Bull. Chem. Soc. Jpn., 51, 3030 (1978). 
K. Freudenberg and  O.  Ivers, Chem. Ber., 55, 929 (1922). 
A. Ueno and R. Breslow, Tetrahedron Lett., 23, 3451 (1982). 
(a)  G. A. Morris and R. Freemann, J. Amer. Chem. Soc., 101, 760 (1978). 
(b) D. M. Doddrell and D. T. Pegg, J. Amer. Chem. Soc., 102, 6388 (1980). 
A. Ueno, K. Takahashi, and T. Osa, J. Chem. Soc. Chem. Commun., 1980, 
921. 
A. Ueno, K. Takahashi, Y. Hino, and T. Osa, J. Chem. Soc.  Chem.  Commun., 
1981, 194. 
K. Takahashi, K. Hattori, and F. Toda, Tetrahedron Lett., 25, 3331 (1984). 
 -  101  -
50) 
51) 
52)
53)
54) 
55) 
56) 
57)
58)
59)
 
1
K. Fujita, A. Shinoda, and T. Imoto, J. Amer.  Chem. Soc., 102, 1161 (1980). 
R. Breslow,  G. Trainor and A. Ueno, J. Amer.  Chem. Soc., 105, 2739 (1983). 
(a) A. Ueno, H. Yoshimura, R. Saka, and T.  Osa, J. Amer. Chem. Soc., 101, 
2779 (1979). 
(b) A. Ueno, R. Saka, and T. Osa, Chem. Lett., 1979, 841. 
J. B. Birks, "Photophysics of Aromatic Molecules",  Wiley-Interscience, New 
York, (1964), p. 301. 
S. Fukuzumi and J. K. Kochi, J. Amer. Chem. Soc., 103, 7240 (1981). 
P. Karrer and F. J. Stare,  Hely.  Chim., 20, 418 (1937). 
K. Harata and H. Uedaira, Bull. Chem.  Soc. Jpn., 48, 375 (1975). 
(a) B. F. Erlanger, Ann. Rev. Biochem., 45, 267 (1976). 
(b) G. Montagnoli, Photochem. Photobiol., 26, 679 (1977). 
(c) K. Martinek and I. V. Berzin, Photochem. Photobiol., 29, 637 (1979). 
(a) W. R. Brode, J. H. Gold and G. M. Wyann, J. Amer. Chem. Soc., 74, 2779 
(1952). 
(b) D. L. Beveridge and H. H. Jaffe, J. Amer. Chem. Soc., 88, 1948 (1966). 
(a) A. Ueno, K. Takahashi, J. Anzai, and T.  Osa, Macromolecules, 13, 459 
(1980). 
(b) A.  Ueno, J. Anzai, K.  Takahashi, and T. Osa, Kobunshi Ronbunshu, 37, 
281 (1980). 
(c) A. Ueno, K. Takahashi, J. Anzai, and T.  Osa, Bull. Chem. Soc. Jpn., 53, 
1988 (1980). 
(d) A. Ueno, K. Takahashi, J. Anzai, and T.  Osa, Makromol. Chem. 182, 693 
(1981). 
(e) A. Ueno, K. Takahashi, J. Anzai, and T. Osa, Chem. Lett., 1981, 113. 
(f) A. Ueno, K. Takahashi, J. Anzai, and T. Osa, J. Amer. Chem. Soc., 103, 
6410 (1981). 
 -  102  -
60)
61)
62)
63)
64)
65)
66)
67)
68)
69) 
70)
71)
S. Shinkai, T. Nakaji, Y. Nishida, T. Ogawa, and  O. Manabe, J. Amer.  Chem. 
Soc., 102, 5860 (1980). 
D.  Balasubramian, S. Subramani, and C. Kumar, Nature (London), 254, 252 
(1975). 
Y. Okahata, H. Ihara, M. Shimomura, T. Tawaki,  and T.  Kunitake, Chem. 
Lett., 1980, 1169. 
(a) R. Lovrien, Proc.  Natl. Acad. Sci. U. S. A., 57, 236 (1967). 
(b)  G. van der Veen, R. Hoguet, and W. Prins, Photochem. Photobiol., 19, 
197 (1974). 
(a) M. Goodman and A. Kossoy, J. Chem. Soc., 88, 5010 (1966). 
(b) E. Beneditti and M. Goodman, Biochemistry, 7, 4234 (1968). 
(a) J. L. Houben,  O. Pieroni, A. Fissi, and F. Ciardelli, Biopolymers, 17, 
799 (1978). 
(b)  O. Pieroni, J. L. Houben, A. Fissi, P.  Costantino, and F. Ciardelli, J. 
Amer. Chem. Soc., 102, 5913 (1980). 
(a) F. Agolini  and F. P. Gay, Macromolecules, 3, 349 (1970). 
(b) G. Smets, Pure.  Appl. Chem., 42, 509 (1975). 
(a) A. Ueno, R. Saka, and T. Osa, Chem. Lett., 1979, 1007. 
(b) A. Ueno, R. Saka, and T. Osa, Chem. Lett., 1980, 29. 
M. Dubois, K. A. Gilles, J. K. Hamilton, P. A. Rebers, and F. Smith, Anal. 
Chem., 28, 350 (1956). 
H. Lineweaver and D. Burk, J. Amer.  Chem. Soc., 56, 658 (1934). 
(a) J. Emert and R. Breslow, J. Amer. Chem. Soc., 97, 670 (1975). 
(b) I. Tabushi, K. Shimokawa, N. Shimazu, H. Shirata, and K. Fujita, 
J. Amer. Chem.  Soc.,98, 7855 (1976). 
A. L. Lehninger, "Bioenergetics," W. A. Benjamine, New York, (1973). 
                                   - 103 -
172)
73) 
74)
75)
76)
F. C. Young and T. K. King, Biochem. Biophys. Res. Commun., 47, 380 
(1972). 
L. Noda, "The Enzymes", Academic Press, New York, (1972), 8, p. 279. 
J. Szejtli, A. Liptak, I. Jodai, P.  Fugedi, P. Nanasi, and A. Neszmeryi, 
Starke, 32, 165 (1980). 
 M. P. Mack, R. R. Hendrixon, R. A. Plamer, and R. G.  Ghiradelli, J. Amer. 
 Chem. Soc., 98, 7830 (1976). 
B. Siegel, A. Pinter and R. Breslow, J. Amer. Chem. Soc., 99, 2307 (1977).
 -104-
